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SPmiARY
The following thermophysical properties have been es­
timated using the group contribution methods (GCM:
I i- The liquid heat capacity of organic compounds as a 
function of temperature;
il- The parameters of the MRKS equation of state for 
hydrocarbons ;
; iii- The critical properties of organic compounds.
The inability of the GCM to distinguish between iso­
meric compounds has been eliminated by the introduction of 
the generalized Balaban and Handle' indices as isomeric
correction terms. These topological indices have a very
high degree of compound-discrimination. The generalized 
Handle' index, developed in this work, can be applied to 
all organic compounds in contrast to recent generaliza­
tions, which are, only relevant to simple alkanes and 
alkenes.
The generalized Balaban and Handle' indices have been 
used for the first time in property-estimation methods 4
i- The experimental data of liquid heat capacity were 
collected from literature. This large amount of data 
(about 5000 independent data points for 460 compounds),
was managed by the provision of a relational database
management system. Since the compounds were divided in 
homologous series, a menu-driven program was developed to 
retrieve the appropriate data via compound/class name. 
These data can be listed, plotted, validated and analysed 
by Minitab Statistical Package.
Once the results are satisfactory, the group contribution 
values obtained could be stored in the database.
The new model can predict the liquid heat capacity 
with an average absolute error of 0.68 cal/mol-K. This is 
very satisfactory, as an accuracy of only 1 cal/mol-K is 
accepted by the industry.
ii- The modified Hedlich-Kwong-Soave (MHKS) equation 
of state proposed by Grobaski and Daubert has been select­
ed in order to relate its parameters a and b to molecular 
structure. After many considerations, it was decided to
empirically relate the parameters to the structural groups 
in a linear fashion. The parameters a and b when trans­
formed to ai/9 and b3/4, could be reproduced with an aver­
age relative deviation of 1.08% and 2.24% respectively.
The new equation of state is less accurate than the
original MRKS, but a method of improving upon it, is pre­
sented.
iii- The experimental data of critical properties (Tc, 
Pc ; Vc) compiled by Ambrose and Reid et al have been used 
to develop a model based on the group contribution ap­
proach and the topological indices.
The Tc model is only slightly less accurate than the Am­
brose's. However, the Pc and Vc models are more accurate 
than any other method reported in the literature. The
proposed correlations are much simpler to use and can
discriminate between isomeric compounds while previous
methods cannot.
The Tc , Pc and Vc can be calculated with an average 
relative deviation of 0.7%, 4.0% and 2.6% respectively.
Finally, an elucidation program has been written in 
Borland's Turbo Basic to process the systematic IÜPAC name 
of the compound in order to generate a 2-D matrix repre­
sentation of the molecule. The program then constructs a 
connection table, from which, the adjacency matrix is de­
ducted. Structural groups are identified by comparing the
characteristics of each node of the chemical structure 
with those of the predetermined groups. The program then 
proceeds to calculate the different topological indices 
using an algorithm which is about thirty times faster than 
the matrix multiplication method. To allow future modifi­
cations with ease, the software has been written as a set 
of subroutines each performing a particular job.
The program has been implemented on IBM AT.
Chap-ter Qns.
Introduction 
1-1: Comvuter-sided Plant desJjaa
The process engineer using a computer program for 
the analysis or design of complex processes calls upon a 
large amount of information or data to achieve his objec­
tives. These include (Johnson et al, 1982): 
a- Data concerning physical size or configuration of 
equipment or collections of equipment; 
b- Flows of material, energy, or information; 
c- Chemical properties, including kinetic and thermodynam­
ic data; properties of materials; 
d- Cost information;
e- Management information (such as expected rate of return 
on investment).
In this brief introduction we are mainly interested 
in cases b and c above and more precisely in the impor­
tance of property data for the design and analysis of 
chemical plants. However, a short history of computer ap­
plication in chemical engineering together with the dif­
ferent stages of development is presented, before the sub­
ject is fully treated.
1-1-1: Bactfcround
Chemical engineers have used computers since the 
early sixties. As a matter of fact, by 1961, Monsanto 
Company began to link computer models of individual pro­
cess plants into flowsheet simulation. Its FLOWTRAN pack­
age was initiated in 1964 and two years later the general 
public at Monsanto had access to it. In late 1973, FLOW- 
TRAN was made available on US national computer networks 
for use by industrial customers and academic institutions 
(Larsen, 1982).
Around this time, many other simulation packages 
were also being developed. Packages such as ChemShare's 
DESIGN/2000, Simulation Sciences's PROCESS, AAA Technolo­
gy's CONCEPT, ICI's FLOWPACK and MIT's ASPEN+ have 
achieved wide acceptance both in the industrial and aca­
demic worlds.
The implementation and the operation of these pack­
ages have gone through different stages. First, they were 
implemented on mainframes and operated in batch mode and 
later some of them provided interactive access. During the 
last decade some of the flowsheeting packages were also 
made available on minicomputers (e.g. PRIME, VAX etc..).
However, with the availability of low-cost micro­
computers in recent years, hundreds of packages have been 
written for practically all facets of chemical engineer­
ing. Certainly, simulation programs for simulating single 
and interconnected unit operations have received a lot of 
attention and enjoyed a wide acceptance both in the aca­
demic and industrial communities.
CHEMCAD from Coade (USA), a 2-D graphics and simu­
lation package, has been extensively used by contracting
industries as well as by universities for teaching and 
research. To create a flowsheet, the user simply uses a 
mouse to select, place and connect symbols representing 
feeds, products and up to 50 unit operations including 
distillation columns, absorbers, controllers etc... In ad­
dition, it includes a 405-component databank (version 
5.0). Chemcad processes a maximum of 100 streams and 20 
components per stream and requires 640 K (Lipowicz, 1986).
ChemShare has also translated its mainframe flow- 
sheeting (DESIGN II) to a PC (Personal Computer) without 
any modification. All the package needs is a 10 MB of hard 
disk and it can process 999 streams and equipment and 75 
or more components (Lipowicz, 1986).
From a practical point of view, flowsheeting pack­
ages presented the users with many advantages such as :
- Improved design;
- Reliability of computations;
- Choice of more alternatives before selecting a partic­
ular design;
- Enhanced productivity;
- Savings in manpower;
- Reduction and elimination of costly pilot-plant stud­
ies;
- Possibility of including new models and new data.
On the other hand, some important limitations have 
emerged in parallel with the above merits such as:
- Manipulation of the huge jamount of data fed to and 
generated by these packages;
- Unavailability of accurate thermophysical data;
- Mechanism of data input.
A brief discussion of each limitation is presented next. 
1 -1 -2 : lb&. desiezL problem
In this context, the design data represent that 
flow of information mentioned in cases b and c at the 
beginning of this chapter. Data relevant to the civil, 
structural, mechanical and electrical designs are beyond 
the scope of this introduction.
As far as the handling of the design data is con­
cerned, three solutions have been implemented at different 
times.
a- Stand-alone application programs:
In the past, each department or division of a com­
pany was responsible for its relevant data. Thus, it would 
provide its own accurate data and write its own applicati­
on programs to manipulate it.
With the development of generalized I/O routines, 
the effort to retrieve the data decreased. The availabili­
ty of file access methods on operating systems freed the 
user from having to code, test and debug programs. Howev­
er, the fact that an enormous amount of common data was 
found to be repeatedly stored in the files made this 
achievement less attractive (Wells and Hopkinson, 1983).
b- The Integrated Sequential File-Handling System (ISFS):
The ISFS requires transcribing programs to reformat 
the output of one package to suit the input file of 
another package. A pre- and post-processor are necessary 
to integrate two packages. However, as the number of pack­
ages increases the number of these pre- and post-proces- 
sors increases significantly and so does the number of 
data files. This results in data redundancy and inconsis­
tency (Benayoune and Preece, 1987).
c- The database approach
This approach can handle not only the transfer of 
the data between one package and another, it offers the 
possibility of integrating all concerned packages around a 
pool of common data (see chapter two).
1-1-3: The vrovertv data vroblGm
The performance of simulation packages is directly 
proportional to the quality of the mathematical models 
employed and the quality of physical, thermodynamic, ki­
netic and transport data used. With the recent remarkable 
advances in mathematical modelling, numerical methods and 
software engineering, the first part of the problem has 
been significantly improved. Whereas, the property data 
have remained a major gap.
In order to overcome this shortcoming, some flow­
sheet simulators incorporated a built-in databank of phys­
ical properties of commonly-produced compounds and some of
their mixtures. Others were linked to stand-alone property 
data packages. For example, ICI's PHYSPACK feeds the prop­
erty data to FLOWPACK and similarly CADCentre's KEYDAT to 
CONCEPT.
Finally, independent property data packages have also been 
developed to provide property data for simulation packages 
and general users. This approach is discussed in detail in 
section (2-4-2) of chapter two.
1-1-4: The data ini>ut vroblea
Many simulation packages are sophisticated in terms 
of computer logic (such as accelerated convergence) and 
very powerful in what they can accomplish (e.g. process 
simulation). However, the data handling and the property 
data problems mentioned above and the way input data are 
fed to these programs have become real obstacles towards 
achieving further benefits.
In the past, specific subroutines, representing the 
topology of the different unit operations together with 
the streams data, had to be written by the user on 
punch-cards and incorporated into the program in most 
cases before it could be used.
The situation improved slightly when on-line termi­
nals became available and when some packages allowed in­
teractive input of data through user interrogation.
Recently, graphics front-ends facilities have been 
incorporated in newly-developed simulators (e.g. CHEMCAD, 
Pc-PROCESS) to overcome this difficulty and thus éliminât-
ing input errors.
Stand-alone 2-D draughting packages have also been 
developed for the same purpose as well as for generating 
piping and instrumentation diagrams <P&ID). One such exam­
ple is PDMS (Plant Design Management System) of CADCentre 
which "establishes interactive communication between the 
layout designer and a large plant database. Thus, the 
plant can be viewed interactively on the screen in re­
sponse to changes initiated by the designer " (Gunn and 
Al-Asadi, 1987).
Another 2-D program which can generate the 
unit/stream connection information in the form of al­
pha-numeric data files and feed them as input to a specif­
ic process simulator was reported by Preece et al (1987).
In fact, 2-D and 3-D packages have been originally 
developed in the electronics, aerospace and automotive 
industries and it is only recently that chemical engineers 
began to realize their potential benefits.
Breen et al (1987) estimated that when CAE (Comput­
er-aided engineering) is fully implemented in a company, 
manual engineering and design may be reduced by 40%.
1-1-5: Process intejrrstion
Even if, when the design data, property data and 
the data input have been improved, the user will not fully 
exploit the software capabilities unless a full integra­
tion of related packages is established.
Hence, flowsheet simulations, databases and 2-D and
3-D packages can be integrated to provide a complete de­
sign environment for chemical and process engineers. One
such integration has been developed at ICI. It consists of 
several software packages. The three main integrated ele­
ments are:
a- PROVUE DB: an engineering database system for storing 
the data associated with a process plant.
b- PROVUE 2D: a 2-D draughting for producing process flow
diagrams.
c- PROVUE 3D: a 3-D plant modelling system.
To calculate the heat and mass balances of a plant, 
the user defines a FLOWPACK model of the plant (plant 
items and stream) to PROVUE DB. A simulation is then run 
and the results are stored again in PROVUE DB. The re­
quired physical data can be accessed from PHYSPACK through 
the database.
From within PROVUE DB, the PROVUE 2D package can be ac­
cessed for the creation of process flow diagrams.
Another area, where computer can significantly aid 
the designer is the artificial intelligence. The next sub­
section describes briefly the potential role of expert 
systems and their future impact on the process plant de­
sign and operation.
1-1-6; K n o w G l E x p e r t  Systems fKBES)
Expert Systems were originally used as consultative 
systems in the medical diagnosis and subsequently they 
have been successfully used in architecture, finance, ge­
8
ology and many areas of engineering (Karwatzki, 1987). The 
above author defines an expert system as "a computer sys­
tem which provides the capabilities of an expert within a 
limited frame of knowledge. Such capabilities usually in­
clude the ability to question the user and to provide a 
diagnosis of the problem (using internal and user-supplied 
data)".
The shell of the expert system in association with 
the inference engine permits the user to build a knowledge 
for a given application.
A prototype expert system is CONPHYDE which con­
tains about 37 heuristic rules and includes 6 different 
equations of state and 9 activity coefficients equations. 
The CONPHYDE system prompts the user on the composition, 
concentration and physical conditions of the chemical mix­
ture, and for data such as desired accuracy and limita­
tions on the run-time. The program then generates a list 
of physical property prediction methods in order of appli­
cability to the specified chemical system together with an 
interactive explanation of the given advice (Banares-Al­
cantara et al, 1985).
HEATEX is another prototype expert system which is 
designed to help the process engineer to develop heat 
exchange networks that minimize energy requirements by 
allowing the exchange of the heat among process streams
9
with temperature specifications (Niida et al, 1985).
Other applications of expert systems in plant con­
trol and operation have also been reported.
1-2: Comvuter-baaed. haadlin/r ot. thermodynamic data
Although some flowsheeting packages do incorporate 
a databank of thermophysical properties of commonly used 
compounds, the need for maintaining and updating these 
data on one hand, and analysing them and transforming them 
in the form of usable correlations on the other^ is a 
problem in its own right.
One of the solutions to this problem has been the 
introduction of the database approach which has played an 
important role in the storage and retrieval of scientific 
and engineering data (see chapter two).
The second solution is to reduce the huge storage 
requirement by developing correlations for the different 
properties whose experimental data are available in the 
literature and then storing the constants of the correla­
tions developed. One such example is the constants of the 
Antoine vapor pressure equation. Upper and lower limits of 
the correlation in question may be also stored to permit 
correct extrapolation.
A third approach, whereby, the storage requirements 
may be further reduced is the estimation of these proper­
ties by the group contribution methods. To illustrate this 
point, consider the ideal-gas heat capacity which is nor­
mally expressed by the 3rd order polynomial form +
10
For example, in order to represent 500 compounds, we need 
to store 2000 constants (i.e. 500*4). According to the 
group contribution methods, if 50 functional groups are 
chosen to represent this property, only 200 constants 
(i.e. 50*4) constants would be stored. This will result in 
savings of about 80%.
The idea will be more attractive if it provides a 
friendly environment for the user. Since he must first 
tear the molecule into the appropriate structural groups 
and/or calculate some topological indices which serve as 
isomeric corrections, software which automates the com­
plete process would be of great benefit.
Finally, the idea may be more useful if this soft­
ware, and the property calculation program and the 
database could be interfaced.
In developing the database, certain requirements 
should be met. They are as follows:
a- The database must be compact, as it will be implement­
ed on a microcomputer;
b- The accuracy of the correlations must be stored; 
c- It should avoid correlations which require as input 
other physical data whenever possible;
d- It should be able to maintain, update and add new 
correlations ;
e- It should be as general as possible to be able to 
predict many physical and thermodynamic properties of 
hydrocarbons and organic compounds.
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The importance and the need for accurate thermody­
namic data can be appreciated from the following section.
1.3- Importsnce of sccuratQ th G rm o v b v s lc a l d a ta ^
Thermodynamic data are of direct use in various 
technological disciplines covering design of chemical 
process plants, electric power generating systems, natural 
gas processing plants and oil refineries etc...
For such processes and plants to be efficiently 
productive, the data used must be of the highest accuracy.
In the aerospace science, the data accuracy has 
been established for many years. Whereas in the field of 
process plant design, rapid escalation in the cost of 
energy and materials is pressing on chemical and process 
engineers for more accurate data. According to Klein 
(1979), the other reasons for the need of accurate data 
may be:
- Advancing technologies produce plants of very large ca­
pacity. For instance, ethylene plants increased eightfold 
during the past fifteen years.
- There has been a corresponding increase in capital cost 
for individual plant construction.
- Overdesign has become very costly in capital and so in 
feedstocks and energy.
For example, in 1983, an ethylene cracker complex 
having a capacity of 500 kilo-tonnes per annum required an 
annual energy bill of $100 million and a feedstocks cost
12
o)f $500 million. A 10 to 15% saving in energy could be 
gained by improving heat recovery, control systems and 
introducing better gas turbines and coolers.
Also, if the feed, which is Naphta, were replaced 
by Gasoil, the cash flow would increase from $60 to $100 
million per year (Kok, 1983). And in another study, for a 
typical petrochemical plant, the annual energy bill 
reached $100 million (1983 money) representing 10 to 15% 
of the total production costs (Whiston and Taylor, 1983).
- Legal requirements for minimizing the environmental im­
pacts of technological processes. For example, trace ele­
ments of toxic materials in the output of a huge plant can 
produce large quantities of environmentally unacceptable 
material, even though such quantities are only a small 
proportion of the total material input. The ethylene 
plant which has a capacity of 1 million pounds per annum 
produces a waste having a potential detrimental environ­
ment effect of 700 pounds per day of solid material 
(Klein, 1979).
- Accuracy of mathematical models for plant processes are 
much better than that of thermodynamic data.
- Hardware and software available for design are well 
ahead for the quality of data currently available.
- Given a sufficient database to describe the behaviour of 
the materials used and the latest computer models for 
plant processes, only a limited or no pilot plant stages
13
are needed.
Although computerized calculation packages of ther­
mophysical properties have seen a remarkable increase re­
cently. The users are still concerned about some bugs in 
them. For example:
- The user cannot judge the data returned to him.
- Many companies subscribe to these packages and thus 
getting unconfident data and discouraging research in this 
topic.
- Elliot (1977) compared the results of K-values from ten 
different computer packages and found deviations among six 
of them amounting to as high as 80%.
- Concerned users are calling for 'truth' in package?. .
Detailed information about the effect of inaccurate 
data on chemical processes design is very little and the 
following illustrations indicate the potential role of 
data accuracy.
A major part of the raw material supply for the 
petrochemical industry consists of ethane, propane and 
heavier hydrocarbons extracted in natural gas processing 
plants. These materials account for 3/4 of the ethylene
produced in the US, almost 1/2 of which is derived from
ethane. However, production of these feedstocks is declin­
ing. At present about 85% of the ethane in the domestic
natural gas is not recovered and burnt as a fuel. The
recovered portion could easily be raised from the existing
14
15% to somewhere between 50 and 70%. In the same way, the 
percentage of propane could be increased from the present 
50% to between 75 and 90%. Increased efficiencies in natu­
ral gas processing through accurate thermodynamic data 
can thus lead to remarkable material conservation.
Around 1966, Petroleum industries were suffering 
large economic losses by reason of faulty design of heat 
exchangers. In this area alone, losses exceeded $1 million 
on each year's new installed exchangers. Equally serious, 
losses occur in other equipment in which enthalpy changes 
are involved (Hadden, 1966).
According to van de Kraats (1980), physical separa­
tions constitute the largest cost factor in most produc­
tion and manufacturing processes. They account for 50 to 
80% of production costs.
Zudkevitch (1980) has written an excellent paper 
on this topic. For example, a 5% error in Tc and a 10% 
error in Pc can cause a 25% inaccuracy in the specific 
heat, which may account for a difference of about 
$2,225,000 (1979 money) in the cost estimate of 570 MM 
cubic feet per day gasoline plant.
Cheppelear et al (1977) have demonstrated the im­
portance of phase-equilibria data (k-values) in the design 
of a gas-processing plant by comparing the ethane recover­
ies obtained with nine different correlations of k-values 
. The predicted ethane recovery varied form 82 to 88%, a
15
difference which amounts to more than $200,000 per annum.
Data on this topic are generally scarce and many 
industrial organizations do not publish the incidents 
caused by the inaccuracy of thermophysical data.
16
Chapter two.
Databases in Chemical Engineering
2.1- The PstBbase Apvro^ch
Database systems were originally developed specifi­
cally for commercial applications (e.g. accounting, in­
surance , airlines etc...). and it is only during the 
mid-seventies that the scientific and engineering communi­
ties began to realise the importance of this approach.
However, most of commercially-oriented database management
!
systems (DBMSs) are devised for well-structured data, 
which differ significantly from complex and interrelated 
data found in engineering and science. This difference of 
data structure and complexity may be seen from the example 





















While for an airline database, if we select the passenger 







2.2- Advantattes q£_ usliur the databaec avvroacb
The database approach has advantages and disadvan­
tages as any other scientific discipline. The advantages 
are:
1- Data independence : To provide independence among the 
logical structure of a database and its physical implemen­
tation.
2- Data sharing and non-redundancy : To integrate large 
amounts of overlapping data by eliminating redundancy.
3- Relatabity : To provide a variety of relationships 
among data so that it is possible to retrieve any related 
item of data from a given one.
4- Consistency and integrity : To keep different values in 
the database consistent with one another and to maintain 
different semantic constraints.
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5- Recovery, restart and backup : To recover and restart 
in the case of hardware or software failures so that 
transactions are processed correctly and completely. To 
protect data by automatic back-up, and to facilitate au­
diting of information.
6- Privacy and security : To protect the privacy of users 
by allowing them to own private data and to keep data 
secure from unauthorised access.
7- Ease of use : To allow casual users access to the data 
by means of high level data manipulation query languages. 




The following terms will be used throughout this chapter 
with the following meanings:
i- A field (or a column) is a unit of data,
ii- A record (or a row) is made up of fields,
iii- A file is a collection of organized records.
In the relational terminology, a field is referred 
to as an 'attribute' while the record is just a 'tuple'.
According to Krajewski (1984) six categories are 
commonly used in describing database programs. Each cate­
gory has its own merits and drawbacks.
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a- File Management System; This allows the user to save 
and retrieve records, made up of fields into a file. How­
ever, its limitation is that it will not combine informa­
tion in one file with that in another file. Search is done
via any of the fields in the record.
Relational model: This model is like the first one, in 
that, it is also made up of records, which in turn are 
made up of fields. The sole difference is that it can 
combine records from different files as long as the
records in the different files have one field in common.
Associated with the relational model is the query lan­
guage, through which, records from unlimited number of 
files can be combined using commands such as PROJECT and 
JOIN. Table (2.3.1) shows an example of relational model.






Methane 001 CH4 16.00
Ethane 002 C2H6 30.00
Propane 003 C3H8 44.00
Butane 004 C4H10 58.00
G=. Hierarchical model; The hierarchical model is made up 
of records, as in the relational model, except that the 
records in this model do not have to be broken into 
fields. Records look like 1-D array of data items . In the
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relational model, the connections between the files depend 
on the data itself, whereas in this model, the connections 
between the files do not depend on the data. They are 
defined at the start and are fixed for the life of the 
database. The connections are referred to as structures of 
the data. In figure (2.3.1), the file at the top is 
called the parent or owner file, while the files at the 
bottom are called the child or member files.
I Compound
I NameID Formula Mw
Rg 2*3,1
dz. The Network model: This model is similar to the former, 
except that, the records or files can be related with each 
other, i.e. the data structure is many-to-many , compared 
with one-to-many in the hierarchical model and one-to-one 






e- Free-Format database: This model allows the user to 
enter information in any desired format; text, tables or 
numbers and retrieve it by means of keywords that he uses 
to tag the information. For example, a book is a free-for- 
mat database because it can be searched with keywords in 
the index.
f- Multiuser database: A multi-user database may have any 
of the structures already discussed. Its unique feature is 
that it allows several people access the database simulta-
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neously. However, only one person is allowed to change a 
record at any one time. Thus, the security and protection 
of the data are ensured.
2.4- Chemical Exurlneerinjr Databases 
2.4.1- FroJect. Databasee
Although flowsheet simulation packages such as 
FLOWTRAN, DESIGN II, PROCESS and ASPEN+ have significantly 
decreased design costs, the handling of large quantities 
of data, the need for optimization and design changes to 
achieve a satisfactory design have become obstacles to 
further improvements. However, this has now been greatly 
improved by the introduction of integrated CAD techniques. 
For it is estimated, that these techniques account for
10-30 % of total topside saving for a typical offshore 
project costing about $500 million (Craft ,1985). Current­
ly about four major process databases, which store pro­
cess information about heat and mass balances derived from 
a flowsheet simulator together with other design activi­
ties data are in use (Carpenter and Wheldon ,1986). See 
table (2.4.1).
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Design Master ICI ChemShare ChemShare Sept. 
1983
FRODABAS Prosys Aspen Prosys/Aspen 1985
PRODABAS Prosys SimSci Prosys 1988
PROSIM CAD CentreSimSci CAD Centre June
1986
2.4.2- TbermoTJhiTBlcal PatabJïBeB
Another important area, where the database approach 
has been successfully applied is in the storage and re­
trieval of physical and thermophysical data. Thermophysi­
cal properties of a system are those properties which 
measure the response of the system to the thermal and 
mechanical stimuli. These include both the thermodynamic 
properties (which describe the change of the system be­
tween initial and final equilibrium states) and the trans­
port properties (which describe the flow of heat or mate­
rial resulting from a steady departure from equilibrium) 
(Klein, 1979). Although some flowsheeting packages do pro­
vide their own databank for property data. These databanks 
are only relevant to a small number of commonly-produced 
compounds, and in some instances, to their mixtures.
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Recently, industrial, academic and governmental ef­
forts have been setup to investigate this major gap in the 
chemical education and industry, as well as to provide 
accurate and reliable databases. For, it is estimated 
that about 2 million data on thermodynamic properties of 
matter are published annually in some 35,000 to 50,000 
journal articles (Fratzscher et al, 1980). Moreover, it is 
predicted that in the near future, other processes, espe­
cially in agriculture and food industry, will require sim­
ilar data availability. The task has been facilitated by 
the provision of large-storage and fast-retrieving comput­
ers.
Measured data are available only for some proper­
ties of the most industrially-important compounds. Howev­
er, there are many estimation methods for predicting prop­
erties lacking experimental data. Most of them apply only 
to a specific number of compounds and require other physi­
cal data as input, which in turn, are often unavailable.
In the absence of the required data, the user is 
faced with some assumptions and decisions, often resulting 
in huge economic losses in the chemical plant as was shown 
in section (1-3).
2^5- A v a il^b illtr  And. Acquisition QH TbGrmouhyslcal
Generally speaking, data on physical and thermody­
namic properties are available, with the exception of the
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boiling points, melting points, refractive index, only 
for a small fraction of the exceptionally large number of 
chemical compounds
According to Buck and Frankl (1984) in a recent 
research for AIChE DIPPR (Design Institute for Physical 
Property Data), 193 chemical compounds were considered; 
100 were those given by "Chemical and engineering News" 
as the highest production industrial chemicals and the 
remainder were selected by the sponsoring companies in 
order of usefulness. Of the seventeen properties consid­
ered (see table 2.5.1), only 31.5 % of the total possible 
combinations (i.e compound-property combination) have no 
or limited experimental data.
Table (2.5.1): DIPPR Properties List
OlCritical temperature. 
02Critical pressure.
03Critical specific volume. 











15Liquid thermal conductivity. 

























Liquid molar volume . 
16 heat of formation 
16 6ibbs of formation
16 absolute entropy . 
Net heat of combus. 
Acentric factor . 
Radius of 6yration . 
Solubility parameter 
Dipole moment . 
van der Waals volume 
van der Waals area . 






Antoignition point . 




Lack of data may be attributed to many reasons.
One major reason being the extremely expensive cost 
of measuring certain properties. For example, from 1965 to 
1980, the budget allocated for experimental projects spon­
sored by API (American Petroleum Institute) amounted to 
$789,500 (Fratzscher et al, 1980).
A second reason is the high risk and danger encoun­
tered in carrying out complex experimental measurements 
(e.g. heat capacity measured at very low temperature).
Another reason is the absence of a recognized in­
ternational body which coordinates research on thermophys­
ical properties measurements according to their impor­
tance. So far, only company and university laboratories 
have undertaken most of the experimental work.
Also, among the hundred scientific and engineering 
journals, only very few publish specifically physical and 
thermodynamic property data. Examples of these are :
J. Chemical and Engineering Data .
J. Chemical Thermodynamics .
J. Chemical and Physical Reference Data .
Other sources of thermophysical data are diverse 
and scattered, varying from periodicals, secondary litera­
ture to outstanding compilations (see table 2.5.2). Un­
fortunately, the acquisition of required data is expensive 
and tedious for the expert and much worse for the inexpe­
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rienced user. Therefore, computer-assisted information
!
systems for physical property data may provide inexpensive 
and efficient tool (Eckermann, 1983).
Table (2.5.2): IMPORTANT THERMOPHYSICAL DATA COMPILA­
TIONS
1- WASHBURN E.W, International critical tables of Nu­
merical data in physics, chemistry and technology.
6 vols, McGraw-Hill 1930 New York.
2- TIMMERMANS J, Physicochemical constants of pure 
organic compounds.
2 vols, Elsevier 1950 Amesterdam.
3- TIMMERMANS J, The physicochemical constants of bi­
nary systems in concentrated solutions.
4 vols. Interscience 1959 New York.
4- STULL D.R, The chemical thermodynamics of organic 
compounds.
1 vol, JW & sons 1969 New York
5- TOULOUKIAN Y.S et al. Thermodynamic properties of 
matter.
7 vols (1970 The TPRC Data Series Plenum press 1970 
New York .
6- TOULOUKIAN Y.S et al. Thermophysical properties 
research literature retrieval guide.
4 vols, IFI/Plenum 1967 New York
7- COX J.D, Thermochemistry of organic and organomet- 
talic compounds.
1 vol. Academic press 1970 New York
8- WAGMAN D.D et al. Selected values of thermodynamic 
properties.
1 NBS 1968 Technical note 270-3 Washington .
9- KARAPET'YANTS M.Kh et al. Thermodynamic constants of 
inorganic and organic compounds.
1 vol, Ann Arbor 1970 London.
10- LANDOLT-BORSTEIN, Eigenschaften der materie in ihren 
aggregatzastanden (in Ger).
1 vol, Springer-Verlag 1961 Berlin
11- ROSSINI F.D et al, Selected values of properties of 
hydrocarbons.
1 vol, NBS 1947 Circular C461 Washington.
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12- ROSSINI F.D et al, Selected values of chemical ther­
modynamic properties.
1 vol, ÜS-GPO 1952 Washington .
13^ ROSSINI F.D et al, Selected values of hydrocarbons 
and related compounds (API 44).
1 vol, Texas 1968 Texas.
14- SWOLINSKI B.J et al. Handbook of vapour pressure 
and heats of vaporization of hydrocarbons and organic 
compounds.
1 vol, TRC 1970 Texas .
15- KAYE G.W & LABY T.H, Tables of physical and chemical 
constants.
1 vol, John W. 1960 New York.
16- MAXWELL J.B Data book on hydrocarbons. 
1 vol. Van N. inc 1950 London.
17- FREDENSLÜND S.J et al, VLE using ÜNIFAC. 
1 vol, Elsevier 1977 Amesterdam.
18- HALL K.R et al, TRCHP Selected values of properties 
of hydrocarbons and related compounds.
9 vols, TRC 1980 Texas.
19- HALL K.R et al, TRCDP Selected values of properties 
of chemical compounds.
8 vols, TRC 1980 Texas .
20- JANZ G.J, Thermodynamic properties of organic com­
pounds .
1 vol, Acad, pre 1967 London .
21- ASTM, Physical constants of hydrocarbons Cl-ClO.
1 vol, ASTM ASTM publ. No 1090 1963 Philadilphia
22- DECHEMA, Thermophysical properties. 
Physical Data Series 
6 vols, DECHEMA 1977 Frankfurt.
23- ESDU, Chemical Engineering sub-series.
8 vols, ESDÜ International Ltd 1977 London.
24- BOÜLBIK T et al. The vapour pressures of pure sub­
stances .
1 vol, Elsevier 1985 Amesterdam i
25- GALLANT RÏ Physical properties of hydrocarbons. 
2 vols. Gulf p.c 1984 New York.
26- STULL D.R et al, JANAF Thermochemical tables. 
1 vol, NSRDS-NBS37 1971 New York.
27- VARAGAFTIC N.B., Tables on the thermophysical prop­
erties of liquids and. gases.
1 vol, JW & sons 1975 New York.
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28- WEAST R.C & ASTLE M.J, CRS handbook of data on 
organic compounds.
2 vole, CRS press 1985 Florida.
29- ACS, Physical properties of chemical compounds. 
3 vols, ACS : No 15. 1955 Washington.
30- ZHIDKOSTEI G.I, Handbook of thermophysical proper­
ties of gases and liquids.
1 vol, Nauka 1972 Moscow.
31- BERESNOI A.N, Thermophysical properties of materi­
als.
1 vol, Khimiya 1970 Moscow.
32- ASTAKHOV K.A, Thermodynamic and thermochemical con­
stants
1 vol, Nauka 1970 Moscow .
It is due to this lack of such data which has 
prompted continuous development of property estimation 
methods.
Evaluation and qualification of reliable data are 
the most difficult tasks for the data expert. Many chemi­
cal and petroleum companies have in-house experts whose 
sole job is to ensure that their general users get 'good' 
data (Chase, 1984).
Different measurement apparatus and different mea­
suring methods by different authors, as well as impuri­
ties contained in materials under consideration, all con­
tribute to large deviations and inconsistencies within 
published data. Estimation and prediction methods may be 
very useful and reliable in some cases, but they fail 
seriously in predicting properties of very non-ideal sys-
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teins, properties of highly polar gas mixtures around the 
critical regions or properties of polar liquids (Eckermann 
et al, 1983).
2.6- Databæîka For TbermovhYBicàl Data.
Ideal databanks must provide data of high accuracy, 
so that the engineer, scientist or any user who refers to 
them can accept data without the expense of doubts, fur­
ther checks and/or searches. Such readily available data 
in a well known source has a substantial economic benefit, 
if one realises that process design engineers are known to 
spend more than half of their available time in the search 
for 'reliable' property data (Westrum, 1979). Besides this 
merit, other features are also engendered:
- Updating is very easy, since all the information resides 
in one place, contrary to books , graphs , tables and 
documents scattered everywhere.
- The computer programs that utilize the data can directly 
access the databank, thus eliminating the time and effort
to transcribe the data to computer input sheets as well as
copying errors.
- The databank can be secured by the provision of back-up 
tapes.
To achieve this goal, one has to make use of the
many available sources by integrating them into a unified
approach. A few of such sources are as follows:
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- Physical and thermodynamic data from different sources;
- Relationships of thermodynamics;
- Property estimations and correlation methods;
- Concept of information and computer sciences.
Many organizations have already made use of such 
sources. Although they are still far from realizing the 
'ideal' databank, many encouraging ideas have been gained. 
But one fact, which must be mentioned about these data­
banks, is that a lot of effort has been duplicated, just 
to achieve the same goal. The job could have been done 
with international databanks covering specific areas of 
property data agreed upon by the industry, academia and 
governmental agencies. This is facilitated by the fact 
that computer networks are well a established means to 
cooperate in this very useful domain of engineering
and science.
These organizations fall into three broad cate­
gories :
- International data programs.
- National data programs.
- Private data programs.
International data programs are well represented by 
establishments such as :
- CODATA: Committee on Data for Science and Technology.
- lAPS: International Association for the properties of 
steam.
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- IAEA: International Atomic Energy Agency.
- BIPM: International Bureau of weights and Measures.
- SGTE: Scientific Group Thermodata Europe.
- IÜPAC: IÜPAC Thermodynamic Tables Project Centre.
CODATA is an interdisciplinary Science committee of 
ICSÜ (International Council of Scientific Unions). It 
deals with data of importance to S&T (Science and Tech­
nology). i.e.quantitative data on properties and behaviour 
of matter, qualitative data and characteristic values of 
biological, geological and astronomical systems, as well 
as experimental and observational values. CODATA covers 
all areas of science represented by ICSU. It specifically 
has two endeavours related to the thermodynamic data com­
pilations . The first is the Task Group on key values for 
thermodynamics which started in 1968. The second is the 
Task Group on chemical thermodynamic tables which was ini­
tiated in 1976. The other above-named bodies are well 
documented in (CODATA, 1984).
National data programs include activities carried 
out by special groups; for instance: Academy of sciences 
(Poland), Academy of sciences (USSR), NSRDS (National 
Standard Reference Data Systems) in the USA plus other US 
government agencies, such as the Air Force Office of Sci­
entific Research, Bureau of Mines, Department of Defence, 
Department of Energy, NBS (National Bureau of Standards) 
etc. .
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Until spring 1984, 59 data programs spread worldwi­
de with 25 in the USA and 8 in the UK, were reported 
(CODATA, 1984).
Private data programs include special projects at 
universities, companies and specialized bodies. For exam­
ple the Thermal Group of the Dow Chemical which was estab­
lished in 1940, measures and estimates many thermochemical 
properties.
Among the well-known national and private databanks 
are the following:
1- DETHERM (Physical Property Databank for Chemical Com­
pounds and Mixtures):
Sponsored by the German Ministry of Research and 
Technology, DETHERM established itself as a leading data­
bank. Being available on-line in EURONET, it is also ac­
cessible from North America using GTE-TELENET or ITT via 
the German DATEX-P network (Eckermann et al, 1983). It 
contains about 1500 compounds, about 8000 VLE systems (up 
to quaternaries) and 2000 LLE systems (up to ternaries) 
and altogether there are over 300,000 data points. Other 
properties such as heat capacity, enthalpy, critical 
points are also available. The system provides built-in 
regression and correlation methods f6r VLE data,
2- DIPPR (Design Institute for Physical Property data):
DIPPR started in 1979 in Pennsylvania State Univer­
sity, Xt is sponsored by 32 industrial firms and the
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NBS (National Bureau of Standards) (Buck and Frankl, 
1984). Its aim is to make available reliable physical 
property data for industrially important chemical com­
pounds. The data are available to the public both as 
hard-copy tables and on magnetic tapes (Feay et al, 1984). 
DIPPR also produces a loose-leaf type data prediction man­
ual, which includes recommended data on and prediction 
methods for the estimation of temperature and pressure 
dependent properties of pure compounds and defined mix­
tures .
3- PPARP (Physical Property Access and Retrieval System):
PPAR was introduced in 1980. It allows the identi­
fication of nearly one hundred methods for calculating 
physical properties directly linked to the pure component 
properties for the calculation. It offers Fortran inter­
face to application programs.
4- FPRI (Fluid Properties Research Inc.):
FPRI was organized in 1973 to fill the technologi­
cal gap, which exists in the petroleum and chemical pro­
cessing industries. It also measures thermal conductivity, 
viscosity, specific heat, density and interfacial tension 
in temperatures from 0<>F to 500<>F and pressures up to 1000 
psia. FPRI databanks currently hold about 80,000 data 
points on some 2000 pure compounds and 200 mixtures. FPRI 
is supported by an international group of companies. Its 
1981 annual budget reached $110 million (Chase, 1981).
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5- PPDS (Physical Property Data service):
PPDS was established in 1972 by the Institution of 
Chemical Engineers in the UK. The main databank consists 
of 32 properties (17 constants and 12 variables) for 
around 400 compounds.
Other databanks are UHDE (Thermophysical Program 
Package), MTDATA (computed-based databanks for metallurgi­
cal and thermochemical data), PHYSCO (Physicochemical Con­
stant Computing Program and Bank) and TISDATA (Technologi­
cal Information Systems) etc ... (Chemdata, 1977).
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Chaptec thraa 
Estimation of Thermophysical Properties 
3-1: Introduction
The physical properties of pure compounds depend on 
three characteristic features of molecules; their size, 
shape and the forces acting between them.
Because we do not yet have complete understanding 
of molecular behaviour, some degree of empiricism is in­
evitable in estimation and prediction procedures. Never­
theless, whenever possible, the correlations should be 
based on theoretical basis.
3^2: Estimation of vrovertlea
Of the large number of compounds of interest to the 
chemical industry, relatively few experimental data exist 
for the thermophysical properties and phase equilibria 
needed in the design and process industries. Thus, there 
has been a continuous interest in the estimation and pre­
diction correlations since the beginning of this century. 
A typical example, which is based on rigorous thermodynam­
ic relationships, is the Clausius-Clapeyron equation for 
the vapor pressure.
füüZii._-£^LL (3.1)
d ( l / r )  RàZ, '• ■'
Where P„ = vapor pressure;
T = temperature in K;
= enthalpy of vaporization cal/g-mole;
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jz,-z,-z, change in saturated compressibility fac­
tors ;
R = gas constant.
"'Estimation' and 'Prediction' are used as if they 
are synonymous, although the former carries the frank im­
plication that the result may be only approximately cor­
rect. Estimates may be based on theory, on correlations of 
experimental values, or on a combination of the two" (Reid 
et al, 1977).
The same authors described the ideal system for the 
estimation of a physical property as a system which would: 
i- Provide reliable physical and thermodynamic data for 
pure substances at any temperature and pressure;
ii- Require a minimum of input data;
iii- Have a minimum of estimation stages to avoid error 
propagations; 
iv- Indicate the probable error;
V- minimize the computation time.
However, in practice, such a system will never be 
achieved due to rapid innovations in science and technolo­
gy, invention of new materials and the ever-increasing 
cost of running laboratory experiments.
Estimation methods fall into two broad categories
i- Corresponding-state methods (CSM);
11- Group-contribution methods (GCM).
S.'zZrL: CorreBvondinjr-B ta te methodB
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The law of corresponding-states is built on the 
assumption that those properties, which are, dependent on 
intermolecular forces are related to the critical proper­
ties in the same way for all compounds. In fact, van der 
Waals wrote his equation of state in terms of reduced 
properties and made the first statement of the principle 
of corresponding states.
In general, the state of any system may be described by 
any two of the three variables (P, T, V). Thus, according 
to this principle, any dimensionless group is a universal 
function of any two of the three reduced variables. In 
particular:
Z-PV/RT~F[V„T,)’‘Z[Pr,Tr) (3.2)
A reduced property is commonly defined as the ratio
of the property of a fluid to the same property at the
critical point. Thus we have:
Vr^V/Vc* Tr-T/Tc (3.3)
Where P, V and T are the pressure, volume and temperature 
respectively and the subscript C refers to the critical 
state.
To apply a single principle of corresponding states 
to all substances, irrespective of their shape, mass and
dipole moment, is a very rough approximation. For, the
function Z(Pr,Tr) differs for different compounds
(Hirschfelder et al, 1964). For example, at the critical 
point, the function Zc-fcKc/RTc-f(i,i) has the following 
values :
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Spherical and non-polar compounds Zc=0.287-0.304; 
Hydrocarbons Zc=0.58-0.75;
Polar molecules Zc=0.181-0.269.
A particular successful application of the CSM is 
found in the correlation of the P-V-T data using the com­
pressibility factor (z-fy/RT) which postulates, that all 
the compounds under the same reduced temperature and pres­
sure, will have the same volume (density). Any equation of 
state may be expressed as a function of the reduced prop­
erties and by using the Maxwell equations, many thermody­
namic properties can be derived. For example:
{^T/dV)s*'-{àP/dS)y (3.4)
(aT/ap)j"-(a//a.9)f (3.5)
where P, V and T are defined as above and S refers to the 
entropy.
Over the past decades, hundreds of equations of 
state have been reported in the literature ranging from 
simple equations with one or two constants to very complex 
with up to fifty constants. Although, recent studies have 
shown that any simple equation of state may predict vapor 
pressure and vapor-liquid equilibria as accurate as the 
more complex one (see chapter six)
Meanwhile, a major drawback of the correspond­
ing-state correlations is the requirement of input data 
such as the critical properties, acentric factor, radius 
of gyration and association factor etc .. which are not 
always available. The large computer space required for
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storing the coefficients of such correlations is another 
limitation (see chapter one). Thus, this approach has not 
been adopted in the present work as a primary method.
3-2-2: Grouv-contrlhutlon methods fGCM)
The main assumption on which the group contribution 
methods are based is that the various structural groups 
present in a molecule contribute independently to the es­
timated property in an additive manner. This independence 
is not strictly true, since any functional group is not 
completely independent of other groups within a molecule.
So far, two suggestions have been proposed to ac­
count for the interatomic interaction corrections within 
the molecule. The first, is through the introduction of 
structural parameters such as the Wiener and Platt in­
dices, while the second allows the distinction between the 
same functional groups according to the position and the 
number of carbon atoms connected to the atom or group in 
question. One example being the distinction between prima­
ry, secondary and tertiary hydroxy groups, which were 
found to be significant in the estimation of the liquid 
heat capacity (see chapter five), while this distinction 
was negligible in the case of critical properties (see 
chapter seven). Another example is the distinction between 
halogen atoms connected to the same carbon atom.
The obvious advantage of the GCM lies in its sim­
plicity, generality and the ability to predict a given
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property from the molecular structure of the compound 
alone. It does not normally require other physical proper­
ties as input data except in certain instances. However, a 
minor drawback of the approach is the difficulty encoun­
tered in the automation of the method. The reason is that, 
each investigator selects a set of functional groups which 
fits best his correlation. The success of the method prob­
ably lies in the way these different sets are integrated 
together to form a well-generalized set catering for many 
classes of compounds together with their properties.
The group-contribution approach has been extensive­
ly used in the estimation of many physical and thermody­
namic properties.
Good critical reviews of the GCM can be found in 
the Reid et al= (1977) and Lyman et al (1982) monographs. 
Some of these estimations as well as those which have 
appeared after 1977 are reviewed here.
These correlation methods may be classified into four dis­
tinct categories.
i- Fixed physical properties;
ii- Variable thermodynamic properties;
iii- Variable transport properties;
iv- Vapor-liquid equilibria.
The fixed physical properties have been widely and 
accurately represented by the group contribution methods. 
Lyderson (1955), Ambrose (1978), Fedors (1982), Klincewicz 
and Reid (1984) all proposed group contribution methods
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for the estimation of critical properties which are accu­
rate to within few percent (see chapter seven). Hoshino et 
al (1982) used this approach for the prediction of the 
popular acentric factor of alkanes. They tested their cor­
relation for 59 alkanes and found a relative average error 
of 2.2%. Kinney (1940) also presented a group contribution 
correlation for the prediction of the normal boiling of 
aliphatic hydrocarbons. Both the index of refraction (i.e. 
the ratio of the speed of light in a vacuum to the speed 
of light in the medium) and the molar refraction can be 
estimated via GCM (Lyman et al, 1982). Using the GCM, 
Quale (1953) estimated the parachor, which is needed in 
the calculation of surface tension.
Both liquid and gas thermodynamic properties have 
been widely estimated by group contribution methods. For 
an ideal gas, neither the law of corresponding states is 
applicable, nor there are intermolecular forces, which can 
play any part in the estimation of its thermodynamic prop­
erties (Reid et al ,1977). Hence, most ideal gas proper­
ties are computed by GCM. Rihani and Doraiswamy (1965) 
proposed a group contribution method for the estimation of 
ideal gas heat capacity of organic compounds. The errors 
are generally less than 2 to 3%. Thin et al (1971) pre­
sented a correlation based on the GCM for the calculation 
of ideal-gas heat capacities. When tested for 42 hydrocar­
bons, the method yielded an average error of about 0.5%. 
Benson and co-workers (1958), (1988) and (1976) have
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suggested very accurate correlations for predicting the 
ideal-gas heat capacity, heat of formation at 298<>K, and 
entropy at 298<>K.
These authors presented the ideal-gas heat capacity, c;, 
in tabular form at temperatures 300, 400, 500 .... cK. The 
absence of analytical expression for temperature depen­
dence of contributions was overcome by Bures et al (1981)^  
who proposed equations permitting the calculation of cj at 
any temperature.
Liquid heat capacity correlations based on the 
group contribution methods for both organic and hydrocar­
bon compounds have been proposed (see chapter five for a 
detailed discussion).
Macknick and Prausnitz (1978) have estimated the 
parameters of the AMP equation of vapor pressure by GCM 
and Lim (1985) has extended this approach to other organic 
compounds. His homologous series model is capable of pre­
dicting the vapor pressure with an average error of 5%, 
although for alkanols the error is much higher.
Sastri et al (1969) proposed a GCM for the estima­
tion of the latent heat of organic compounds over wide 
temperature ranges. Its average error is 2.5% at the nor­
mal boiling point and 2.9% at 298<>K. The Sastri model 
requires, as input parameter, the critical temperature, 
which is calculated by Lyderson's model.
Tarver (1979) correlated the density of explosives 
and related compounds and found good results.
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Reichenberg (1970) group contribution method for 
the gas viscosity of organic compounds can reproduce the 
experimental data to within few percent.
Another area where the group contribution approach 
has been extensively and successfully applied is in the 
vapor-liquid equilibria (VLB) calculations. Activity 
models such as ÜNIFAC (ÜNIQÜAC Functional Group Additivity 
Coefficients) and ASOG (Analytical Solution of Groups) 
represent the backbone of this subject (see chapter six). 
The mixture is regarded as a mixture of groups instead of 
molecules. The model equations are then applied to the 
properties of the groups and the interactions between 
them. There are thousands of molecules of interest in 
chemical technology, which are formed from a much smaller 
number of groups. Consequently, the group properties and 
their energetic interactions are determined from a rela­
tively small number of VLB data sets. Once these interac­
tions are available, they may be used to predict the data 
for a large number of systems for which experimental data 
are unavailable or are not easy to measure (Gupte and 
Daubert, 1986). The ÜNIFAC group interactions are given by 
a monograph by Fredenslund et al (1977). Gmehling et al 
(1982) have presented tables with revised and updated pa­
rameters for forty groups. Macedo et al (1983) have car­
ried out further revision and added additional groups and 
proposed parameter values for 370 out of 820 possible 
interactions.
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The ASOG method has been presented by Kojima and 
Tochiji (1979). It has 31 groups and the authors have 
estimated 143 out of 465 possible interactions.
Rupp et al (1984) have used the modified UNIFAC
model of Skjold-Jorgensen et al (1980) (in which they
introduced temperature-dependent parameters) for the pre­
diction of enthalpies of mixing. With 19 pairs of primary 
parameters and in the temperature range 0-100*0, typical 
errors of 5 to 15% were reported.
Recently Gupte et al (1986) combined the concepts 
of van der Waals theory and this approach and developed 
UNIWAAL, an equation of state, capable of predicting well 
VLB for binary and multicomponents .
Group contribution methods have been also widely
used with equations of state. Jin et al (1987) have modi­
fied their perturbed-soft-chain theory equation of state 
to a group contribution equation. When compared for twenty 
six low molecular weight compounds (alkanes, alkenes, and 
aromatics), the average absolute errors were less than 3.5% 
for liquid densities and 7% for vapor pressures. They
suggested that the new equation should be useful for in­
termediate molecular weight (i.e. 200-1000) compounds for 
which little experimental data exists. Nitta et al (1977) 
have developed a group contribution method based on the 
cell theory applicable for the liquids and their solu­
tions. However, this model does not satisfy the ideal gas 
limit at infinite volume. Recently Skjold-Jorgensen (1984)
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derived an equation of state from the van der Waals parti­
tion function and a group contribution was applied to 
estimate the parameters of his equation. This equation is 
applicable to the vapor phase. Takishima and Saito (1985) 
have combined a group contribution model with the hole 
theory and proposed a very complex equation of state capa­
ble of correlating well the saturated properties of 
n-alkanes and predicting successfully the vapor-liquid 
equilibria of n-alkanes binary mixtures.
Kehiaian (1983) reviewed a number of group contri­
bution models based on the Guggenheim theory and concluded 
that the GCM is the only approach through which relatively 
complex systems become tractable. A more detailed discus­
sion of GCM and equations of state may be found in chapter 
six.
Finally, another field, where GCMs are seriously 
considered, is in the TOM project carried out by professor 
Kehiaian and his co-workers at the University of Paris 
VII. Kehiaian (1983) described it as: "The systems are
being investigated in an order of increasing complexity of 
molecular structure and intermolecular interactions. Or­
ganic compounds are not treated as toy blocks, but due 
attention is paid to their electronic structure and con­
figuration. Proximity and other intramolecular effects 
(steric hindrance, polarity and polarizability, induction 
and tautomerism, etc.) are more carefully examined than 
usually".
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Adams and So (1985) have automated some group con­
tribution techniques, so that* the pure component proper­
ties, can be estimated with just the two-dimensional chem­
ical structure. The calculations can be organized into 
different levels to permit the inclusion of any available 
experimental data. Property estimation through several 
levels can produce errors which are prohibitive to process 
simulation. However, the automation of these techniques 
allows for quick comparisons of estimation procedures for 
similar chemicals with experimental data.
The GCMs used in this work are based on the nearest 
neighbour interaction, .i.e. the group is defined as a 
polyvalent atom, together with its legends, of which al 
least one must be polyvalent. Thus, the method is not 
applicable to compounds such as methane, nitrogen, water 
etc ... A good discussion about the various types of GCM 
is found in Benson and Buss (1958).
Eroperties oJL mixtures
The properties of a mixture of fluids depend on the 
pure component properties and their interactions. With 
either methods described earlier, the mixing rules are 
used.
Mixing rules of various complexity have been pro­
posed. Currently, this area is receiving a lot of atten­
tion, especially that it is now believed that the pure
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component equations of state are not to be blamed for the 
unsatisfactory prediction of mixture properties (see chap­
ter six).
3-3: SummaiT
In view of the aims of the research outlined in 
chapter one and the advantages of the group contribution 




Topological Indlcea and their, application in 
thermophysleal property correlations
4-1: Introduction
One of the most obvious drawbacks of the group 
contribution method (GCM) is its inability to discriminate 
between compounds having the same number and type of 
structural groups. To account for such isomeric varia­
tions, some authors have suggested ad hoc correction 
terms. For example, for acyclics, the number of carbon 
atoms, which are, three-bond apart was taken into consid­
eration, whereas, for cyclics, arbitrary ring corrections 
were applied. However, these corrections, by no means, 
improved the situation, but on the contrary, made the 
procedure more complex. By decomposing the molecule into 
finer and finer groups, the accuracy can be improved, but 
at the expense of the simplicity of the GCM.
For this reason, a lot of effort has been directed 
to establish other correction parameters, which may depend 
on the structure of the molecule itself. In 1947, Wiener 
(1947) suggested that the physical properties depend func­
tionally upon the number, kind and structural arrangement 
of the atoms in the molecule. He expressed the normal 




Where N = Number of carbon atoms;
P = Polarity number defined as the number of pairs 
of carbon atoms three-bonds apart;
W = Path number defined as the sum of the distances 
between any two carbon atoms in terms of carbon-carbon 
bonds ;
To = Boiling point of the normal alkane; 
k and b are constants.
Nearly ten years later, Greenshields and Rossini 
(1958) proposed a modification of the Wiener's method for 
the prediction of molar volume, molar refraction, boiling 
point and standard enthalpy of alkanes and alcohols. They 
used the following general equation:
(4-8,)
Where P and W are defined as above; '
N = Number of carbon atoms;
N3 = Number of tertiary carbon atoms in the isomer;
N4 = Number of quaternary carbon atoms in the isomer;
p\ - Number of quarternary carbon atoms separated by
one carbon atom in the isomer;
p\ - Number of pairs consisting of one quarternary 
and one ternary separated by one other carbon atom, 
a, (i=l,2 ... 6) are constants.
51
c» and Cl are a given property of a normal compound and 
its isomer.
The physical significance assigned to some of the 
parameters were as follows:
- A factor i/n* in the Wiener equation corresponds to a 
damping factor to express the decreasing effects of dif­
ferences in W upon the value of the property with in­
creasing molecular weight.
- The same factor in the Platt equation was interpreted 
as a normalizing factor whose role is to make the term 
involving aw almost independent of the molecular weight 
for a given isomeric change.
- 2W/2-N is considered as an average distance between 
carbon atoms expressed in terms of C-C bonds.
- The term aw/{n *-n] represents the measure of linear 
compactness of the molecule.
- N3 and N4 expressed the localized (short-range) effects 
of chain branching.
Since then, this idea has enjoyed a wide expansion 
by investigators of different backgrounds. These range 
from those concerned with the storage and retrieval of 
chemical documentation to those involved with property-ac- 
tivity correlation of organic and biological compounds. A 
summary of some applications of topological indices is 
considered next.
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Many topological indices have been used as corre­
lating parameters (Wiener, Polarity , original Randic' 
etc ..) for predicting a wide variety of physicochemical 
properties of simple alkanes and alkenes. The Randic' 
index proved to be successful with properties which are 
roughly additive .i.e. they increase in value by some 
fixed amount for the addition of a given fragment (Rou- 
very, 1983).
Balaban and Randic' indices have been extensively 
used in the ordering of chemical structure^ in systematic 
searches for regularities in molecular data, in fragment 
and ring searches etc ... (Rouvery, 1983).
A third major area of topological indices appli­
cation is found in the design of drug and other biologi­
cally active substances. However, their limitation lies in 
the difficulty of specifying the nature of the vertices 
and edges in the graph.
lopQloffical Indices 
Theory.
Bonchev (1983) defines a topological index (TI) as 
"basically a measure of 'information content'or 'complex­
ity' of a graph (molecular structure) which reflects the 
diversity embedded in the graph with respect to the topo­
logical property (of a graph)".
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In the chemical structure, the bonds represent the 
edges and the atoms the vertices of the graph respective­
ly. The bond (edge) is also referred to as a walk of 
length one.
Most topological indices are based on the adjacency 
matrix A whose elements are defined by:
a 1 If atoms i and J are neighbours
-0 Otherwise (4.3)






0 1 0 0 0 0 0 0
1 0 I 0 0 1 1 0
0 1 0 1 0 0 0 I
0 0 I 0 I 0 0 0
0 0 0 1 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
( l ) C - C - C - C - C  
(2)1 (3) (4) (5)
C 
(6)
A non-zero element of A, Xw-i, when the vertices i 
and j are adjacent represents also a walk of length one 
between the vertices i and j (Trinajstic', 1983). There­
fore, in general we have:
« 1 If th e re  is a w alk  of leng th  1 be tw een  v e r t ic e s  1 and  J 
“ 0 O therw ise  (4 .4 )
However, there are walks of various lengths which
-can be found in a given graph; Thus:
" I If there is a walk of length 2 between vertices i and J 
passing through vertex k





represents the total number of walks of length two in 
graph, G, between vertices i and j passing through vertex 
k .
is an element of the matrix (A*A) .
The squared adjacency matrix of the above example is shown 
below. Any matrix entry higher than one is reduced to one. 
The number of two-lengih paths is 10.
1 0 1 0 0 0 1 1
0 1 0 1 0 1 0 0
1 0 1 0 I 0 1 1
0 1 0 1 0 1 0 0
0 0 1 0 1 0 0 0
0 1 0 1 0 1 0 0
1 0 1 0 0 0 1 1
I 0 1 0 0 0 1 1
For a walk of an arbitrary length, i, we have:
• ' Agf " I If there is a walk of length L between vertices i and j 
passing through vertices k,m,...z 
- 0  Otherwise (4.7)
Where (/% = the number of walks of length 1 between the 
vertices i and j and M')„ is an element of the matrix / \ 
The valence of the vertex i, V(i), may be expressed as the 
















The distance matrix of the graph G, D(G), is a real 
symmetric N*N matrix, which contains elements Du[q ) repre­
senting the length of the shortest path (i.e. the minimum 
number of edges) between Ith and Jth vertices of G. All 
diagonal elements z><>(c) are, by definition, null.
The distance matrix is related to the adjacency 
matrix of a graph by the following relation (Trinajstic', 
1983):
Z>CC)-L>1i(C)-/(C) + ^ yl,(C) 
e-1 <-2
(4.9)
Where are topological matrices containing only those 
non-zero entries which represent the shortest path between 
the second, third etc ... neighbours.
The distance matrix of the

































































The linear transformation of the adjacency matrix
diagonal form:
X 1 ». #* •» O'
«. 'X2 * * * « ••
.. •* X g *. .. (4.10)
• • - ..' «• 4 . *. X
Where elements xi, X 2 ..... xn are called the eigen­
values of the matrix A(G) (Trinajstic', 1983). 
Conventionally xi >= X2 >= ....xn
If some identical eigenvalues appear k times, it is 
k-fold degenerate.
The set of all eigenvalues {xi,X2,...,xn} is collectively 
referred to as the spectrum of graph G and this is an 
important invariant of the graph (Trinajstic', 1983).
The eignenvectors matrix C of A(G) are defined by 
the relation: C(A(G))=XC 





The order of matrix A is thé number of vertices 
(atoms) in the graph and the matrix is symmetrical about 
the principal diagonal.
The power series expansion, with respect to X, of 
the determinant + x| for graph Q is called a character­
istic polynomial and is given by (Trinajstic', 1983):
(-0
(4.12)
where I is the unit matrix of the same order as A, fi are 
coefficients and N is the order of the matrix.
4-2-2: Review of some toDoloirical indices
In the last two decades, more than twenty different 
topological indices have appeared in the literature. Un­
fortunately, it has been found that no single topological 
index can discriminate graphs uniquely (Bonchev et al, 
1982), though the generalized Balaban and generalized 
Randic' indices developed in this work show a high power 
of discrimination as will be shown later.
We shall briefly outline the major topological in­
dices which have been used in the property-structure stud­
ies .
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a- The Wiener Path Number
The path number W (Wiener number) is defined as the 
total number of bonds between all pairs of atoms in the 
hydrogen-suppressed graph (i.e. the hydrogen atoms are not 
represented) and is calculated from the distance matrix as 
follows (Bonchev, 1983):
( 4 .1 3 )
where do are elements of the distance matrix.
For 2,2-dimethyl-3-methylpentane, the sum of the row/col­
umn elements of the distance matrix (distance sums Si) is 








L 1 7 J
The Wiener number for this compound is 
W(G) = 11*2 + 15 + 21 + 17*4 = 63.
b- The Polarity number
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This index was also formulated by Wiener but was 
later extended to include distances of lengths more than 
three bonds. It is defined as follows (Rouvery, 1983):
(4.14)
where du represents a distance in the graph Q from which 
the matrix D(G) is constructed.
To compute the polarity number (3-bond apart) of the exam­
ple considered here, the number of occurrences of the 
number 3 in the distance matrix is counted and divided by 
2. Thus, P(G)=8.
c- The Z Index of Hosoya
Hosoya index bears a formal relationship to the 
characteristic polynomial of the adjacency matrix of the 
graph. The Z index represents the sum of the non-adjacency 
numbers P(k) (Bonchev, 1983):
I ,
2 ( C ) - . (4.15)
where N/2 in the Guass square brackets is the nearest 
integer not exceeding the real term in them and N being 
the total number of vertices.
P(k) is defined as the number of ways in which k 
bonds may be chosen so that no two of them are connected. 
These numbers are also the coefficients of the character­
istic polynomial for the graph G without regard to sign.
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By definition: P(0) = 1 and P(l)= Numbejr of edges.
For 2,2-dimethyl-3-methylpentane, we have;
P(0)=1, P(l)=7, P(2)=ll, P(3)=3 and thus Z(G)=22.
d- The Zagreb Index
The Zagreb index is based on the sum of the vertex 
degrees and is given by (Bonchev, 1983):
W ( C ) - ^ r ?  ( 4 .1 6 )
("i
where N is the total number of vertices.
In the example under consideration,
V’4-2K«-37t-4
Thus: 4*^ 34.
e- The Randic' Connectivity Index
This index is also based on the vertex degrees and 
is defined as (Bonchev, 1983):
~ z  E  ( 4 ,1 7 )
where Vi and Vj are the degrees of a pair of neighbouring 
vertices i and j forming the edge {i,j} and the summation 
is over all the edges in the graph.
are called edge (or partial) connectivities.
The Randic' index has been generalized by Kier et 
al (1976) to include all possible paths of length h in the 
molecular graph.
: Z t v ' . K v : - ( 4 , i 9 )
 ^  ^ J . . . .
61
where h = 1,2, 3 etc ...
However, the interactions between atoms separated 
by a path of a length longer than three are assumed not to 
influence molecular properties (Bonchev, 1983).
The Randic' indices have been widely applied to 
various correlations with the properties and biological 
activities of chemical compounds.
To calculate the Randic' index, the edge or partial con- 
nwoiiviiiwH are Httt first and the sum is taken over all
possible connectivities. This is done as follows:
X ii.- (1 * 2 ) ” '* “ P;*7971
X w - ( 1 * 3 ) “ '* -0 ^ 5 7 7 4
Xm-(1*4)“'*-0.,S000 
X n - ( 2 * 3 ) “ " .  0 ,4 0 8 2  
X a « - ( 3 * 4 ) “ " - 0 . 2 8 8 7
Hence, the Randic' index (1st order) of above example is:
* X 12 X 1323 X34**’ 3Xi4 " 3 .4 8 1 4  
f- The Balaban Distance Connectivity Index
Based on the distance matrix, the Balaban index 
J(G), proved to be the single topological index capable of 
high degree of discrimination. The two neighbouring ver­
tices i and j, which form the edge {i,j}, are represented 
by the so-called distance sums (DS) of distance degrees di 
and dj (Bonchev, 1983).
The DS for each vertex i is the sum of all distance 
matrix elements in the ith row or column.
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J(G) differs from the Handle' connectivity index by 
the presence of a normalizing factor A.




and B being the total number of edges (bonds) and C being 
the total number of cycles in the molecular graph.
For acyclic graphs A=B, since C=0.
For 2,2-dimethyl-3-methylpentane, the Balaban index is 
given by :
7 ( C )  +
+ (djd3)'''*]“ 3'6233
Bonchev et al (1982) proposed a superindex which
consists of more than one topological index. Two graphs
are said to be discriminated by the superindex if the
values of at least one of its components is different for
the two graphs
Other topological indices may be found in (Trina­
jstic', 1983) and (Bonchev, 1983).
The ability to uniquely represent a compound is 
what differentiates one topological index from another. 
Hence, the greater a topological index distinguishes be­
tween compounds, the better
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Bonchev et al (1982) compared the Wiener, Hosoya, 
Randic' and Balaban indices for 45 different graphs 
(chemical structures) having four to eight vertices 
(atoms) and found that no two graphs have identical J(Q). 
All the other listed indices are not so specific and they 
often have the same value for different graphs. When the 
number of atoms exceeded 8, the inconsistencies increased 
rapidly.
.4r3.: Ganeralizatioa Balahan Index
The original Balaban index may be applied only to 
hydrocarbons. However Barysz et al (1983) generalized this 
index to oater for heterocyclic compounds by proposing an 
empirical form for the distance matrix. Thus, the diagonal 
elements do not vanish anymore, while the off-diagonal 
WlWMWWtk WWW iwwlwde the weights of the edges in the path.
An exhaustive literature survey does not reveal 
that either the Balaban index or its generalized form has 
been employed with any property or activity correlations, 
whereas, the generalized Randic' index has been used ex­
tensively.
Barysz et al (1983) defined the modified distance 
matrix diagonal elements for the vertex- and edge-weighted 
(multi) graphs as follows:
( 4 . 2 1 )
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where Zi is the number of all (valence and inner shell) 
electrons in the atom i. These elements are calculated for 
commonly used organic compounds and are shown in table
(4.1).
[Table (4.1): Values of dii for common 
atoms
Atom i di i
Carbon : 0.000







The off-diagonal elements of the distance matrix 
for the vertex- and edge-weighted (multi) graph are given 
by the following relations:
(4 .2 2 )
r
where the summation goes over r (r = 1, 2, ...) weighted 
and unweighted bonds, while the parameter kr is given by
hr Z,Z,
( 4 .2 3 )
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where b,- 1 , 2 , 3 for single, double and triple bond 
respectively.
For aromatic bond, br was assigned a value of 2/3.
Zi and Zj are the numbers of all electrons in atoms i and 
j making up the r-bond. Table (4.2) summarizes the differ­
ent kr parameters encountered in organic compounds.






















Where symbols (*) and (:) refer to the triple and aromatic 
bonds respectively.
Table (4.3) shows some atomic numbers of common atoms.










GGnerall^atloiL of Randlo' index
4^ 4-^ l: Recent ^tteapte
Kier and Hall (1976) have extended the Randic' con­
nectivity index to compounds containing heteroatoms by 
using the following empirical form for a first-order term:
c>l
( 4 .2 5 )
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where Ne is the number of edges and o is the vertex 
valence.
For alkanes,
Where hi is the number of hydrogen atoms implied at vertex 
i and Zv is the number of valence electrons.
To distinguish between an oxygen and a carbon atom 
in a molecule, a distinction is made between the valances 
of the two atoms, in spite of their identical formal con­
nectivity in the hydrogen-supressed graph.
Zv was given arbitrary values of 4, 6 and 5 for
!
carbon, oxygen and nitrogen respectively. For sulphur, a 
Zv=7 was assumed.
For compounds containing double bonds, the corre­
sponding bond is simply doubled.
Evans et al (1978) proposed another arbitrary 
method to generalize the Randic' connectivity index and 
it is given by:
/ z . , a , (4.26)
where :
ai and aj are integers describing the atomic types of i
and j ;
Vi and Vj are the second-order connectivities of i and j ; 
b is the order of the bond connecting i and j.
The method applies to C, N and 0 atoms only.




Both the above attempts were based on ad hoc as­
sumptions and have limited applicability.
In developing the generalized Randic' index , the 
works of of Barysz et al (1983) and Evans et al (1978) 
have been utilized. The proposed generalized index is 
given by the following relation.
.1
C/(C)-n36^«^b,j (4.27)
This equation may be reduced to the original 
Randic' expression for normal alkanes, however it is, in 
a sense, different from Evans et al (1978) due to the fact 
that the parameters Zi, Zj and bi are no longer chosen 
arbitrarily, but on the other hand, they bear the same 
values as suggested by Barysz et al (1983) for the Balaban 
index, i.e. Zi and Zj are the numbers of all electrons in 
atoms i and j making up the bond bi.
ComPUtatiQU o£. the jronerAllxed Balsban and Randic '
Indlcea
Using the modified distance matrix, the Wiener num­
ber of a heterogeneous graph can be expressed by the fol­
lowing form (Barysz et al, 1983):
WC-.j-Zcf.+jÉdw (4.24)
<>/
The computation of the modified Balaban and Randic' 
indices (to be discussed) has been automated using the
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elucidation program (see chapter eight).
In brief, the user inputs the systematic IÜPAC name 
of the compound; the program processes this name, gener­
ates from it a connection table, which it makes use of, to 
deduce the structural groups and calculate the different 
indices. Other indices may be easily added to the program.
Barysz et al (1983) noticed that the Wiener number 
measures the connectedness of an atom to the rest of the 
molecule, meanwhile, which is just the sum of a
row/column in the distance matrix may indicate the con­
nectedness of positions. In other words, low values of Si 
indicate strongly connected positions, while high values 
indicate weakly connected positions. Finally, the Balaban 
index can be applied to comparing sets of molecules.
Another improvement in the calculation of the topo­
logical index is the introduction of a simple algorithm, 
which is thirty times faster than the matrix multiplicati­
on method [Muller at al (1962), Balaban and Filip (1962)]. 
This algorithm has proved to be very useful and advanta­
geous for use on a desktop, where speed and space are very 
crucial.
The following example shows the performance of the 
two generalized Balaban and Randic' indices. In fact, it 
is an output of the 'Structure Elucidation' program to be 




\ School of Chemical Engineering
I University of Bath
! By : M. Guidoum
Select a key:
R: Run the elucidation program
H: For help
E: Back to Turbo Menu
Please use capital letters only
INPUT COMPOUND NAME
You have input: 3-CHL0R0-3-FLU0R0-5-I0D0-1-PENTENE 
Adjacency Matrix
0 1 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 1 0 1 0 0 1 1
0 0 1 0 1 0 0 0
0 0 0 1 0 1 0 0
0 0 0 0 1 0 0 0
0 0 1 0 0 0 0 0
0 0 1 0 0 0 0 0
Ijacency Matrix Squared
1 0 1 0 0 0 0 0
0 1 0 1 0 0 1 1
1 0 1 0 1 0 0 0
0 1 0 1 0 1 1 1
0 0 1 0 1 0 0 0
0 0 0 1 0 1 0 0
0 1 0 1 0 0 1 1


















0.00 0.50 1.50 2.50 3.50 3.61 2.17 1.85
0.60 0.00 1.00 2.00 3.00 3.11 1.67 1.35
1.50 1.00 0.00 1.00 2.00 2.11 0.67 0.35
2.50 2.00 1.00 0.00 1.00 1.11 1.67 1.35
3.50 3.00 2.00 1.00 0.00 0.11 2.67 2.35
3.61 3.11 2.11 1.11 0.11 0.89 2.78 2.47
2.17 1.67 0.67 1.67 2.67 2.78 0.33 1.02
1.85 1.35 0.35 1.35 2.35 2.47 1.02 0.65
Balaban index is 4.2822
Randic' index is 5.2627
Wiener number is 50.4297
Polar number 2 is 10.0000
Polar number 3 is 8.0000
This power of discrimination is proved in chapter 
seven, where both the indices have been calculated for 365 
compounds covering nearly all organic classes of compounds 
consisting of C, 0, N, F, Cl, Br, I and S atoms.
4-g; Summ^arv
As mentioned in the beginning of this chapter, the 
requirement of topological indices stems from the fact 
that the GCM does not take into account the isomeric vari­
ations between compounds. However, among the tens of top- 
logical indices developed so far, very few possess high 
degeneracy. For this reason, during the course of this 
work, some topological indices were statistically more
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significant than others, while their respective degeneracy 
(i.e. the occurrence of an index having identical values 
for different species) were very high and therefore only 
those indices with a high discriminating power were in­




Estimation q£  liquid hsat caPacltY- bz GG&
a.l- PbvBlcal sdjmiflcance
There are three liquid heat capacities in common
use :
I C q and
They represent the change in enthalpy with temperature at 
constant pressure, the variation in enthalpy of a satu­
rated liquid with temperature and the energy required to 
effect a temperature change while maintaining the liquid 
in a saturated state respectively. The relationships re­
lating the three heat capacities are shown later.
5-2: Introduction
Chemical processes may only be efficient and pro­
ductive when the energy calculations are based on very 
accurate data especially that of heat capacities; since, 
the computations of enthalpy, entropy, Gibbs free energy 
and heat transfer all require the heat capacity data.
Table (5.2.1), taken from Olien (1980), indicates 
the importance of various thermophysical properties used 
in chemical engineering computations. It is apparent that 
the phase equilibria are the most vital. This is because 
the equipment (heat exchangers, distillation columns, com­
pressors etc.) associated with fluid separation processes 
is the most capital and energy intensive part of the pro­
cess plant (Olien, 1980).
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Table (5.2.1); Relative Importance Of Some Thermodynam­
ic Variables On Design And Performance - Evaluation Of 
Basic Petrochemical Process Equipment
Vapor Pressure And Rate Data
Equipment PI P2 P3 P4 P5 PS P7 PS
Reactors C D B 5 B B B A
Fractionnators B B A A B D B S
Extractors B D A D/S C D B S
Heat Exch. C B A
•-! ■s A C B S
Compressors 
& Expanders
A A A * A B D S
Metering 
And Sales
A * B * S * * *
Materials Of 
Construction
B * B A * * * S
Pollution
Abatement
* * A A C * A A




P5: Heat Capacity & Enthalpy Changes. 
PS : Entropy Changes.
P7: Transport.
P8: Reaction.
A - Most important 
B - Very important
C - Influence calculations but accuracy not critical 
D - Considered only in preliminary selection.
N - Not applicable.
S - Important in specific cases.
A good discussion on the theory of heat capacity of 
liquids can be found in references [(Reid et al, 1977), 
(San Jose, 1976)].
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The isobaric heat capacity is the most commonly 
:  !  j
used in chemical engineering; since:
(5.1)
For constant volume: ,
C»-(ai//ar), (5.2)
where: T = temperature , H = specific enthalpy and Ü = 
specific internal energy ;
[dH/dT], is measured at constant pressure.
[dU/àT], is the change of Ü with T, measured at constant 
specific volume.
The other heat capacities which are occasionally 
used in engineering calculations and apply to a saturated 
phase are as follows.
(er denotes saturated phase).
Ca^-idH/dT)^ (5.3)
is the variation in the enthalpy of a saturated liquid 
with temperature.
C,„^TidS/dT)a (5.4)
is the energy required to affect a temperature change 
while maintaining the liquid in a saturated state.
However, the three definitions are related as fol­
lows (Reid et al, 1977):
(5.5)
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( 5 .6 )
Where (?). represents the change in the vapor pressure with 
temperature and v, is the specific volume of the saturated 
liquid.
So, if the PVT and the vapor pressure data are 
available it is possible to obtain any heat capacity from 
knowledge of only one of the four.
According to San Jose (1976), for stable systems: 
c,>c,>o and c, and c„ are normally positive for liquids and 
may be positive or negative for gases.
The differences (c,-c„) and (c,-cj are small at reduced 
temperatures (Tr) below 0.85, whereas (Cw-c.) is less sig­
nificant and may be taken zero up to temperatures of 0.95 
Tc; where Tc is the critical temperature.
Most liquid organic compounds have heat capacities 
between 0.4 and 0.5 cal/gK near the normal boiling point.
In this temperature range there is essentially no effect
of pressure (Reid et al, 1977).
Generally, heat capacities are not strong functions 
of temperature except above r,-o.7to0.8. At higher tempera­
tures, the heat capacities are large and are strong func­
tions of reduced temperature (Reid et al, 1977).
Experimental values reported in the literature usu­
ally represent c, and c„.
Figure (5.2.1) depicts different heat capacities 
for the liquid n-heptane and is taken from Reid and San
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Jose (1976).
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Where c, , c, , c^and are the heat capacities given by 
equations (5.1), (5.2), (5.3) and (5.4) respectively.
5.3- Methods for estlmstlnjr liquid heat capacities
There are many estimation methods for predicting 
liquid heat capacities. However, they fall into four cate­
gories: theoretical, corresponding-states, group contribu­
tion and Watson's thermodynamic cycle (Reid et al, 1977).
The method based on thermodynamic cycle was first 
proposed by Watson in 1943. Different modifications to the 
method followed leading to complicated calculations, 
while, the method based on a theoretical basis yields the
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heat capacity at constant volume. Though, theoretical es­
timation procedures have not yet been developed for engi­
neering use (Reid et al, 1977).
5.3.1- CorreBT>ondlnjr-s ta tes methQda.
The general use of the CSM and GCM has been fully 
discussed in chapter three and only information relevant 
to heat capacity estimations is given here.
Corresponding-states methods (CSM) predict heat ca­
pacity for a wide range of temperatures and pressures.
In a recent paper by Reid and San Jose (1976), five 
reliable methods were given and recommended for use. The 
CSM has the following drawbacks in addition to those which 
were described -in chapter three:
- Low accuracy: average absolute error varies from 3 to 
8%;
- Less general (only 72 compounds were tested);
- Additional input parameters are required;
- Complex calculations are necessary;
- Distinction between polar and nonpolar fluids is made.
Data for these input parameters are often unavail­
able for some compounds. For instance, Lyman and Danner 
(1975) could not use about 20% of their raw data due to 
the unavailability of Tc and Pc of the relevant compounds. 
Obviously such restriction affects the generality of the 
method.
Therefore, choosing compounds which possess enough
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experimental data and input parameters does not always
i
lead to a generalized method.
Table (5.3.1) represents the accuracy and the nec­
essary input parameters for these correlations.
Table (5.3.1): Accuracy and input parameters for some 
CSM



































* means the particular parameter is required.
No : Number of compounds.
AAE: Average absolute error.
= Critical temperature.
= Ideal-gas heat capacity.
", = Pitzer acentric factor.
calculated from cu - Iog(P,,/?e)i.o and at T^-T/Tc 
 ^= Stiel polar factor, obtained from " and vapor 
pressure at Tr=0.6.
* - Radius of gyration.
“ = Association factor.
R = Universal gas constant and y : derivation parame­
ter.
Note that % and u are available for only 250 com­
pounds (Reid et al, 1977).
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5.3.2-’ GrouD-ContrlbutloiL Methods
The main assumption for the group-contribution 
methods (GCM) is that the various structural groups in a 
molecule contribute to the estimated property in an addi­
tive manner.
Johnson and Huang (1955), Shaw (1969), Chueh and 
Swanson (1973) and Lim (1985) have all proposed correla­
tions for calculating the heat capacity of liquids at room 
temperature (i.e. 20-25*0) using the GCM.
Missenard (1966) used this approach to calculate 
the liquid heat capacity of organic compounds and his 
method is applicable below a reduced temperature of 0.75. 
Both Luria and Benson (1977) and Schmidt (1978) proposed 
correlations for predicting this property for hydrocarbon 
compounds. They may be both applied below the normal boil­
ing point.
All these methods and the one proposed here are 
compared in section (5.6).
6.^- Raw daiiSL acatiisition and auall£iaat±on 
4m i- AcQulslÈlon.
The groups were determined from an extensive 
database containing virtually all classes of compounds of 
interest to chemical technology. In fact, data for 457 
organic compounds were collected making about 5000 inde­
pendent data points. Some compounds have been measured 
more than once as shown below and in appendix (A).
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Compounds with Nc %
1 data set 457 100
2 data eets 51 12
more than 3 data sets 7 1.5
Nc : number of compounds
Whenever possible, only CPL data more recent than 
1946i have been used, for the best calorimetry work has 
been done since 1945. Prior to about 1930, calorimetry 
work was largely unsatisfactory by present standards (Had­
den, 1970). This fact was confirmed when we regressed the 
'alkanols' data, of which some compounds were measured in 
1931. These resulted in an average absolute error as high 
as * 4iO cal/mol-K; hence these compounds were discarded 
from the fit.
Graph (5.3.1) shows the number of annual measure­
ments of liquid heat capacity for organic compounds during 
the period 1880-1982.
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The measurements increased rapidly until World War 
II. After a significant stagnation, the measurements in­
creased again since the early fifties and remained nearly 
constant during the seventies and eighties.
The heat capacity data of liquids were collected 
mainly from the following journals:
J. American Chemical Society.





- However, it is unfortunate not to find the liquid 
heat capacity data over wide temperature ranges in the 
thermophysical compilations. For instance, TEC (Data 
Project), NBS circulars 500 and 270-30, and API 44 all 
tabulate heat capacity data of liquids at only 20* and 25* .
Since, the construction and the operation of a low 
temperature calorimeter is very complex; only a few labo­
ratories have measured the heat capacity of liquids after 
Nernst first pioneered the techniques at the university of 
Berlin between the period 1908-1912.
Japanese laboratories have been primarily concerned 
with glass phases while the Russians were involved with 
the determination of the effect of the isotope substitu­
tion on various physical properties and it is only The 
National Physics Laboratory (Division of Chemical Stan­
dards) in England which provides thermodynamic data of 
high quality (Wilhoit et al, 1985).
At present few or no studies are in progress on 
oxygenated organic compounds (Wilhoit et al, 1985).
Nowadays, most of the CPL measurements are carried 
out for compounds such as salts, crystals, metals, alloys 
and mixtures.
5.4.2r Qualification
To date, no data qualification techniques have been 
developed. A recent technique proposed by Liley (1980) is 
as follows:
After a substantial literature search, the values
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of the particular property are extracted and converted to 
a given system of units (e.g. S.I). The property is then 
plotted as a function of temperature and/or as a function 
of pressure to detect gross errors or inconsistencies.
To select the most probable values as reliable de­
pends upon several factors.
- If the values are experimental, the apparatus, method, 
use, consideration of corrections etc ... are all noted 
and a comparative ranking of the different sets of data 
is made.
- If the values are theoretical, the method of calcula­
tion is noted with consideration of any variation in input 
material, consistency checks etc...
- The result of such analysis determines the reliable 
values.
- If both experimental and theoretical are not signifi­
cantly different, then the average can be taken as input.
- When reasons for significant differences cannot be 
explained ,then, the chemical similarity of substances may 
be introduced.
Chase (1984) suggested another data qualification 
approach which is based on two criteria:
i- Property-oriented criteria;
ii- Homologous-series criteria.
As far as the physical properties of pure compounds 
are concerned both criteria can be applied to fixed and 
variable properties.
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For fixed properties (e.g. critical properties), the nor­
mal boiling point, the effective carbon number (ECN), the 
molecular weight and the chemical structure are enough to 
qualify a given property.
For variable properties, the so-called 'sign rule' and 
'line rule' are used.
The 'sign-rule' applies to correlated vapor pressure data, 
an example of which is given below:
in f  " /  + ^4"C(f/iT) + D(T)*
Where the coefficients must have the signs (A+, B-, C-,
D+, E is a positive integer).
The 'line-rule' may be applied to either raw or correlated 
data. This can be derived from a typical macroplot of 
inp v«r«u8 i/r (from triple point-to the critical point). 
Thus, the P-T curve must coincide with, or deviate posi­
tively from, a straight line between the triple point and 
the critical point. If this test fails, then the critical 
point is incorrect (i.e. the critical pressure is too high 
and/or the critical temperature is too low). The curve may 
also be applied to versus i/r.
In the present work, only experimental raw data 
were used. When faced with more than one data set for a 
particular compound then the qualification is done in the 
following order.
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- Plot of CPL against temperature.
- Eye-judgement to see gross deviations.
- Examination of the polynomial fit results.
- Examination of T and F tests.
An example for data qualification is presented for 
METHANOL for two sets of data. These were published in 
1949 and 1971.
Table (5.3.2): Comparison of two data sets of methanol
set 1 (1949) set 2 (1971)
Regression eqt. Equation (1) Equation (2)
Std. : Dev. 0.07755 0.02008
SS/DF 0.006011 0.0040
Equation (1): 19,6-0,03587 + 0.OOOIT*
Equation (2): 24.2-0,07947+ 0,00027*
In figure (5.3.2), the two respective curves inter­
sect at 2oo*if »nd 220^ jf, but along the rest of the temperature 
range there is clearly a deviation. Eye-Judgement could 
reveal that the curve of data set (2) fits more closely 
than that of set (1).
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The statistical figures in table (5.3.2) support 
this assumption.
In order to use the t-test, we hypothesize that the 
two sets of data are different, i.e., they do not belong 
to the same population (Miller, 1985). The most commonly 
used level of confidence is 95% and was chosen here. 
First, the t-test is calculated as follows:
(A/ 1 - i l / 2 )  I nin.2
t-
- A/2 j r if
fij
( 5 . 7 )
where Mi and Mz are the means, ni and nz are the number of 
data points for the two sets and Sp is a pooled estimate 
of the population standard deviation (we are assuming that
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the samples are from the same population).
+ (5.8)
Where Si and 82 are the variances of the data sets respec­
tively.
For example under consideration, Mi=74.869,
Si=4.1168, M2=72.355, 82=1.8478 and 5 ,-3 i3 7 8  and thus
t=l.60.
 ^ By consulting the t-table, we find that for 22
degrees of freedom (dof) (14+10-2), we would need a t-test 
of i.717 or greater to have 95% confidence in rejecting
our hypothesis. Since this is so (t=1.80), our hypothesis 
does not stand and we conclude that the two sets of data 
are different.
More information can be derived from these data by 
analysing the variances si.
One such analysis is the F-test. An F-table is two-dimen­
sional array, whose columns represent the degrees of free­
dom of the numerator ( s?, here); and the rows represent 
the degrees of freedom of the denominator.
In the case above, s?-16.94b «nd ÆÎ-3.414, Thus the F ratio is 
18.948/3.414=4.96.
There are 13 dof for 81, which is based on 14 data points, 
and 9 dof for 82.
We want 95% confidence, so we consult the P=0.05 
table. From the table F=3.07. 80, our F ratio=4.96, is
significant at the 95% level, and hence there is a differ­
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ence between the two eets of data.
Thus, from these four tests, we conclude that the 
1971 data is more accurate than the previous one.
In some cases, compounds may have more than one 
data set, but at different temperature ranges; here a 
data qualification test is done first and wild data points 
are eliminated and the rest are combined together to pro­
vide a wider temperature range.
The raw data collected from the literature are different 
in many senses:
- They are given in different units ;
- They cover different phases (liquid, glass );
- They are either curve-fitted or original;
- Some compounds have been measured more than once.
In order to handle this substantial amount of raw 
data and its complexity we applied the database concept 
described in chapter two. Thus saving a lot of time and 
effort. The retrieval and the updating of the data was 
carried out in an efficient manner.
S.S^ LIHCÂP Putab^Bo
The present database was developed to assist in the 
organization of the data on liquid heat capacity during 
the collection and the regression analysis.
As the liquid heat capacity was regressed on a 
homologous series basis, the retrieval of the correspond­
ing data was made with ease and thus avoiding the unneces­
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sary searching of hundreds of files.
The data of the properties which have already been 
evaluated at the School of Chemical Engineering at the 
University of Bath (Lim, 1985) could also be added to this 
database.
LIHCAP is supported by MRDS (Multics Relational 
Data Store), a DBMS developed at Pennsylvania State Uni­
versity in 1982.
LIHCAP HoeGriptlon
LIHCAP consists of three types of relations (ta­
bles).
1- REFDAT : a relation which contains literature informa­
tion about the data of each compound; and it is made up of 
nine attributes; see table (5.5.1).
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Table (5.5.1): Example of REFDAT relation
CID CNAME FNAME REF DP ÜNITO TRANGE
006 hexane n-alkanes r02”12r0338—67 13 c/mk 180-300
127 benzene aromatics rOl—62—0696—40 9 c/mk0 281-353
127 benzene aromatics rOl—70—1502—48 8 j/mk 280-350
283 methanolalkanols r05-04-0359-72 1 22 j/mkl 170-360
Keyword:
CID : Integer number representing a unique compound; 
CNAME : IÜPAC name of the compound;
FNAME : Homologous series name;
REF : Reference from which the data were taken;
S : Number of data sets present in the database;
DP Number of data points;
UNIT : Units of data;
0 : Option (1 if data are curve-fitted and 0 otherwise); 
TRANGE : Temperature range where data are applicable.
Any compound in the database can be searched via 
its lUPAC name or its ID (integer identifier). Also, com­
pounds belonging to the same homologous series may be 
retrieved via the name of the series. A Fortran program 
was developed for this purpose. The query language, LINUS 
(Logical Inquiry and Update System) available within MRDS, 
may also be used for the same purpose', but it is limited.
Since the lUPAC names of some organic compounds are 
very lengthy and thus require more storage space, MENU 
(another program), has been designed to ensure that these 
names are contracted upon storing and extended when re­
trieved. For example, TCHFmethane stands for trichloroflu-
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oromethane.
The symbols T, CH, F etc .. as shown below, represent the
I
codes of some IÜPAC suffixes and prefixes.
CODE MEANING CODE MEANING
B Brpmo DI Dimethyl
CL Chloro T Tri
F Fluoro TE Tetra
I lodo P Penta
In the same relation and for the same purpose, the 
data reference are assigned special codes. For instance : 
'Journal of American Chemical Society' is just an arbi­
trary 'ROl'.
The following additional fields may be added to 
this relation.
- The chemical formula of the compound.
, - The purity of the compound for which experimental data 
were taken.
- The accuracy of the experimental data.
The last two fields can provide better justifica­
tion of the experimental data. However, very few authors 
report such information. If these fields were to be added 
to the relation REFDAT, then, the user has normally two 
options.
The first is to use commands such as JOIN to combine 
all fields (i.e old+new) into a new relation. This is not 
allowed in MRDS .
The second option is to create a new relation to hold
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these new fields, which requires the redesigning of the 
database.
However, with the introduction of new generation of 
databases, where the conventional 2-D structure is kept, 
but the rows are of variable size, such problems will be 
automatically eliminated.
11- EXFDÂT : This relation contains the actual raw data of 
the liquid heat capacity. It consists of four attributes, 
see table (5.5.2).
Table (5.5.2): Example of EXPDAT relation
CID SET TEMP CP
020 2 130 " 17.05
020 2 140 18.15
020 2 150 18.75
020 2 160 19.34
• • • • • • • •
• • • • • • • •
• • • • • • • •
020 2 260 22.04
Where CID, SET, TEMP and CP are the compound identifier 
(integer), number of the data set, temperature and heat 
capacity respectively.
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Looking at table (5.5.2) reveals a drawback of
MRDS. i.e. the first two columns are repeated for the same 
compound as many times as the number of the data points. 
Example: The compound ID (020) and the Set number (2).
Whereas, if MRDS was based on the hierarchical
model, then the storage space required by LIHCAP would be 
significantly saved.
ill- BESDAT : This relation contains the results of the
heat capacity data analysis, i.e. the group number, its
polynomial coefficients and any other relevant correction 
terms, see table (5.5.3).
Table (5.5.3): Example of RESDAT relation
GROUP COFl C0F2 C0F3 CORR S APD GP
D
CHS 9.1727 -0.1534e-01 0.4838e-04 * 0.55 0.03 0.
01
CH2 4.4126 0.9281e-02 0.1202e^05
>CH- -2.1875 0.3084e-01 0.2054e-00-0.8821 0.55 0.10 0.
02
>C< -14.480 0.8458e-01 0.1055e-03 0.270 0.87 0.55 0.
20
Where. COFl, C0F2, C0F3, CORR are polynomial coeffi-
dents ;
S: Standard deviation;
APD: Average percent error;
GPD: General percent error.
5.5.2- System Analyaia
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The system represents the integration of the fol­
lowing programs.
- MRDS (Multics Relational Data Store);
- MINITAB (Statistical computing package);
- MULTIPLOT (Graphics program);
- APPLIC (Application program);
- MENU (Menu program).
These programs are totally independent, each of 
which performs a specific duty (see diagram below). The 
whole system is controlled by a menu-driven software 
(MENU), which allows the execution of the programs either 





MENU corresponds to a set a commands executed se­
quentially.
APPLIC consists of three main subroutines.
RETR : Retrieves data information from the database.
LOAD ; Stores data index, raw data and data analysis re­
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suits.
DEL : Deletes and modifies any record/s contained in the 
database.
By using MENU, the user can retrieve data form 
LIHCAP, list, plot and call MINITAB to analyse them, and 
if results are satisfactory, he can store them in LIHCAP. 
All operations are carried out in one run.
5.6- CPL model developmsnt
The compounds were separated into a number of sub­
sets corresponding to the appropriate homologous series, 
each of which was evaluated in turn, such that the groups 
determined in previous subsets were fixed for all other 
determinations. The groups are shown in table (5.6.1).
As far as the model is concerned, the theory does 
not give suitable function for heat capacity. There are 
some authors who fitted the raw data to a series of Cheby- 
shev polynomials. But, because of its convenience of com­
putation, flexibility and simplicity, others choose the 
direct polynomial in temperature (Wilhoit et al, 1985).
ESDU (Engineering & Science Data Unit) used the 
following form of equation to fit data of aliphatic alco­
hols in the range (C1-C16).
(5.9)
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where Tr = Tc/T being the reduced temperature.
In this work, a third degree polynomial was first 
tried, but the third coefficient was not very significant 
and therefore the second-order polynomial was adopted.
Moreover, Minitab automatically eliminates coeffi­
cients which are not statistically significant and parame­
ters which are highly correlated with each other. This was 
the case with the ALKYNES family, where the groups (-C*) 
and (-CH) and the compounds' Balaban index were highly 
correlated.
In case of multicollinearity, “i.e. a regression 
may lead to a result which fits the data set well but the 
coefficients of the correlation will have larger standard 
deviations. The accuracy of the result is then reduced 
when predicting properties are not included in the origi­
nal data set" (Klincewicz and Reid, 1984).
The structural groups were computed in a fashion 
which differs from previous works, which, generally in­
volve the determination of all the groups at incremental 
temperatures and later each group is regressed using the 
method of least squares. However, we assumed the additivi­
ty of the groups over the temperature ranges considered 
and made the regression of the following equation.
c, - I A,-J + A^ T^]*'£c ,COR, (5.10)
( • 1 ( - 1
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Where Ng and Nc are the total number of groups and correc­
tion terms respectively.
Ni is the number of each group i and CORi is the correc­
tion term.
A^*, A;i , and Ci are the unknown coefficients.
The method was found to be accurate and fast.
The coefficients in equation (5.10) were obtained 
by least square fit of directly measured values of CPL, 
though, most of them are already smoothed and this gives 
rise to error propagation (as will be explained later).
All values were converted to cal/mol-K for the calcula­
tion.
No estimated values were used for those compounds for 
which measurement did not exist.
The statistical package (Minitab) was used for the purpose 
of regression.
For every set of compounds, several trials were 
made before selecting the optimum values of the corre­
sponding groups. In each case, the statistical analysis of 
the errors was carried out to see the statistical signifi­
cance of each group. Hence, the t-test and the variance 
explained by each group, the standard deviation of the 
regression equation, the correlation coefficient and the 
plot of the residual sum of squares versus one of the 
groups were all examined. Groups which contribute very 
little to the total variance were not used.
An example which shows a Minitab output for the
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ternary alkanes family is presented in appendix C. In the 
first run, only the first term of equation (5.10) was 
used. This resulted in a standard deviation equal 0.6514. 
In the second run, both terms of the equation (i.e. the 
functional groups and the structural parameters) were 
used. The standard deviation decreased to 0.5745. All 
t-tests were significantly higher than the tabulated val­
ues. The plot of the residual sum of squares (c50) versus 
the Balaban index (BAL) shows how the errors are evenly 
distributed around the 0-axis. Pointsj which are outside 
the interval (-2 to +2) are either not experimentally 
correct or do not fit the present model. However, these 
ten points are very little compared to 274 data points 
used in this analysis.
5. 7: Resul ts and diecuealon
To date, no Group Contribution Method (GCM) has 
been generalized to cover a wide range of organic com­
pounds (see table (5.7.1)). The accuracies of the previous 
methods are taken from a monograph by Reid et al (1977), 
except that of Lim and Schmidt, which are directly taken 
from their works. Obviously, if these methods were com­
pared with the present experimental data they would have 
much higher errors.
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Taible (5.7.1): GCM for Heat Capacity of liquids.
Method Year No Class Ng T. range Accuracy
Missenard 1966 * organic 24 250-380 3-7 %
Shaw 1969 130 organic 64 298 3-7 %
Swanson-Chueh 1973 150 organic 35 293 3-7 %
Luria-Benson 1976 117 hydrocarbons 32 90-390 1.00 *
Schmidt 1977 62 hydrocarbons 24 278-298 2 %
Lim 1984 77 organic 58 298 3 %
This Work 1987 245 organic 41 90-500 0.66 *
Nc = Number of compounds.
Ng = Number of structural groups. 
T . range = Temperature range .
* : Cal/mol-K
The GCM proposed in this work is more general and 
accurate than any of the previous methods. The relatively 
high accuracy may be attributed to the introduction of the 
Balaban index as a correction term. As a matter of fact, 
its inclusion resulted in a 25-40% average decrease in the 
standard deviation and hence improved significantly the 
accuracy of the model.
For Fluorobenzenes and esters the standard devia­
tion decreased by about 80 % (see table (5.7.2))
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Table (5.7.2): Comparison of Std. Dev: S.
!






The Balaban Index was not so significant only for 
alkynes and simple halogens.
An attempt to study all sorts of homologous series 
of relevance to the chemical industry seems quite impossi­
ble; for tens of structural groups must be deduced requir­
ing enormous amount of experimental data which are not 
even available.
Our GCM was designed to combine both simplicity and 
accuracy. If one goes on to divide the molecule into finer 
groups, the accuracy may be improved, but the concept of 
the GCM will be lost.
A set of forty one (41) structural groups has been 
deduced using 3011 independent data points from 27 differ­
ent classes consisting of 245 compounds (see table 
5.6.1)..
The proposed method reproduces the experimental 
data to within an average relative error of 1.64%.
The average absolute error was 0.66 cal/mol-K and 
the average standard deviation was 0.8288 (0.6619 for hy-
1 0 2
drocarbons and 0.9275 for non-hydrocarbons). The full re­
sults are presented in table (5.6.1).
Higher standard deviations for non-hydrocarbons are 
due to error propagations, which occur when, the hydrocar­
bons' functional groups are kept constant (while in theory 
they are not so) during the computation of the organic 
functional groups.
Other forms of error propagations were reported by 
(Wilhoit et al, 1985).
- Errors in the tabulated values of CPL are introduced by
experimental errors and by deficiencies in the calculation
!
and smoothing procedures.
- Failure of the polynomial function to represent ade­
quately the true CPL also Introduces an error into the 
calculated values.
- Errors may be qaused by impurities in the sample, by 
the quantity of the sample in the calorimeter, evaporation 
of the sample during a measurement and lack of equilibrium 
in the state of the sample.
- Calorimetric errors result from errors in the measure­
ments of temperature and energy,
- Errors may also arise from converting data as reported 
to the units and conditions adopted for a tabulation.
- Errors in tabulated values of CPL are propagated to 
values of enthalpy, entropy and Gibbs energy.
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The results are considered to be of a good accuracy 
if we realize that industry requires an accuracy of about 
»i cal/mol-K and the experimental errors are usually 
around 0.5-3% .
The correlation coefficients were not less than 99 
% except for quarternary alkanes (93.769) (see table 
(5.8.1).
For hydrocarbons, most of the experimental data 
used in the generation of the structural groups were also 
used by Luria and Benson (1977). Their standard deviation 
was 0.8 cal/mol-K and their average deviation was 0.64
cal/mol-K, compared with the present values of 0.88 and
0.50 cal/mol-K respectively; despite using more indepen­
dent data, which usually decrease the accuracy of the 
method.
Table (5.7.3) provides the full comparisons between the 
two methods.
For alkanols, excluding compounds having old data
results in the accuracy improvements as shown in table
(5.7.4).
Table (5.7.4): Comparison of Alkanols results.
Accuracy in ca/mol-K








I 194 1.289 0.0990.003 36 88 90 9
II 174 0.783 0.0130.003 58 82 97 2
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Where Nc , S, APD and GPD have the same meanings as above.
II
* In model (I), old data were used in the regression analy­
sis while they were discarded from the fit in model (II).
Table (5.7.5) shows that estimation accuracies of 
non-hydrocarbons. 72% of the compounds are within » 1
cal/mol-K.
The following example shows how to calculate the 
heat capacity of the compound 1,1,l-trifluoro-3-chloro- 
propane.
The compound contains the following groups
F 
1 .
Type Ao Ai*102 A2*104
i
F—G—C—C— Cl -CH2 4.4126 0.90310 1.84000
\ >C< —13.6800 7;53890 -0.76690
F C-F 5.7600 0/17340 -0.16990
C-Cl 4.6437 2.28180 -0.50400
Bal index 0.43424
The constants are taken from table (6.6.1). To cal­
culate the heat capacity of the compound at, say T=240<>K, 
these values are substituted in equation (5.10). After 
performing the necessary algebra, we get 37.8752 
cal/mok-K. The experimental value is 38.6 cal/mol-K; Thus 
a relative error of 1.87%.
Finally , Appendix (B) tabulates all results by 
class and compound basis.
Graphs (5.7.1) to (5.7.8) illustrate the perfor­
mance of the proposed equation compared with the measured 
data for some compounds.
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The compounds 2,3-dimethylbutane, 1-hexene, methylcylobu- 
tane were intentionally excluded from the regression anal­
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When comparing methods for the estimation of any 
thermodynamic property one should judge them simultaneous­
ly on the basis of their accuracy, generality and the 
availability of the required parameters.
In order to compare the relative accuracy of the 
methods, the absolute deviation and bias with respect to 
the experimental data were calculated for each compound 
for which these methods are applicable.
In several cases, notably with polar and associat­
ing compounds, -the existing correlations (corresponding 
states methods) use specific parameters which have been 
developed from the existing data or other physical proper­
ties . This may result in good representation for a partic­
ular compound, while failing to point out the inapplicabi­
lity of the correlation for compounds for which no experi­
mental data or required physical properties data are 
available. Likewise, for the GCM, the apparent good fits 
of the data are in a few cases the result of a group value 
based only on one or very few compounds.
Therefore the comparisons are not always a reflec­
tion of the predictive power of the methods and conclu­
sions based on direct comparisons must be done carefully.
To aid in the comparison, a summary of the overall 
deviation statistics for the methods by the compound 
class is presented in appendix B.
In general, the GCM is as good or better than the 
other methods, when considered on a compound by compound
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basis. The elimination of a few very poorly behaving com­
pounds results in major reductions in the average absolute 
deviation for all the methods.
Furthermore, the ability of the GCM to include more 
compounds results in an artificially high average devia­
tion since in some cases larger experimental scatter is 
present in these added compounds. The inclusion of more 
compounds, however, results in greater confidence when 
using the method for new compounds.
The proposed GCM is truly generalized, since it 
makes no distinction between nonpolar, polar, and associ­
ating compounds.
Ill
Table (5.6.1: Structural groups and accuracy.











* 0.5375 99.99 0.412 1.097
>CH- 03 -2.4247 0.31280E-01 -0.15460E-04 -0.31904 0.5744 98.87 0.411 0.873
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1.2370 0.7830 99.61 0.563 1.313
P-OH 25 -9.2700 0.82610E-02 O.OOOOOE+00 10.467 1.1510 99.83 1.322 2.387
>C=0 26 8.6200 0.12420E-01 -0.37160E-04 1.0735 1.0080 99.38 0.809 1.701
-CHO 27 31.6780 O.OOOOOE+00 0.29200E-04 -7.513 1.1240 99.52 0.755 2.202
C-O-C 28 6.8520 0.21880E-01 -0.51800E-04 —0.7418 0.7895 98.74 0.712 1.679
C-N02 29 18.2580 0.36120E-01 -0.16220E-03 * 1.8420 99.15 1.437 4.708
C*N 30 6.5970 0.99420E-02 -0.91700E-05 1.6433 0.2048 99.96 0.170 0.665
C-NH2 31 11.7840 0.74640E-01 -0.12290E-03 -0.8957 1.6020 99.53 1.239 3.318
C-SH2 32 14.3010 -0.38526E—01 0.35510E-04 1.6264 0.7961 99.56 0.600 1.436
C-S-C 33 8.9740 -0.21300E-02 -0.12090E-04 0.3414 1.4020 97.60 1.190 2.777
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-S-S- 34 14.4345 -0.37046E-01 0.55460E-04 1.69296 0.0653 99.99 0.049 0.117
C-AF 35 6.9098 O.OOOOOE+00 0.61400E-05 1.27895 0.5706 99.96 0.430 1.058
C-ACl 36 —0.9823 0.78880E-02 0.13630E-04 3.2631 1.0990 99.79 0.791 2.231
C-CF 37 5.7600 0.17340E-02 -0.16990E-04 0.43424 1.1880 99.82 1.028 3.697
C-Cl 38 4.6437 0.22818E-01 -0.50400E-04
-COOH 39 -19.7480 0.77903E-01 0.OOOOOE+00 5.0868 0.6697 99.90 0.522 0.835
0=C-0 40 -55.4350 0.56510E-02 O.OOOOOE+00 16.5954 0.2134 99.67 0.158 0.519
Q-0—C 41 -3.8920 0.55312E-01 —D.78860E—04 4.9576 1.2640 99.91 0.B48 1.080
Average 0.82 . 0.66 1.64
Key:
AO, A1 and A2 are coefficients ;
COOR is a correction term (Balaban index except for for alkenes where the second correc-
tion term refers to the conjugate correction); --
S is the standard deviation of the regression equation;'
R2 is the correlation coefficient (squared);
AAE is the average absolute error;
APD is the average percent (relative) deviation.
114











Better than ± 
2 cal/mol-K 
Mp %





n-alkanes LB 17 100 62.90 154 96.80 159 100.00 0 0.00 1.70
MG 17 109 88.55 149 93.71 159 100.00 0 0.00 1.84
t-alkanes LB 15 128 59.50 173 98.60 212 98.60 3 1.40 2.53
MQ 17 198 72.26 248 90.51 273 99.64 1 0.36 2.53
q-alkanes LB 6 38 52.80 60 80.30 71 98.60 1 1.40 2.05
MQ 8 52 44.83 84 72.41 114 98.28 2 1.72 2.27
alkenes LB 10 52 40.60 98 76.60 128 100.00 0 0.00 1.41
MG 20 208 77.61 254 94.78 267 99.63 1 0.37 2.33
alkadienes LB 9 79 73.80 94 87.90 105 98.10 2 1.90 2.09
• MG 8 50 40.00 66 52.80 119 95.20 6 4.80 2.87
alkynes LB 2 20 100.00 20 100.00 20 100.00 0 0.00 -
MG 3 19 100.00 19 100.00 19 100.00 0 0.00 0.45
cycloalkanes LB 11 17 77.30 22 100.00 22 100.00 0 0.00 0.69
























cyclo-pentaneB LB 9 48 36.60 90 68.70 118 90.10 13 9.90 2.76
MG 9 79 58.85 112 84.85 130 98.48 2 1.52 2.85
cyclo-hexanes LB 15 73 47.40 119 77.30 154 100.00 0 0.00 1.90
MG 15 72 46.45 126 81.29 152 98.06 3 1.94 2.43
Total LB 117 676 55.90 988 81.70 1164 96.30 45 3.70 3.61
MG 112 903 64.10 1211 83.82 1430 98.93 15 1.07 2.87
Me : Method.
No: Number of compounds.





Table (5.7.6) Non--hydrocarbons results
Accuracy in cal/mol-K














Alkanols 16 174 99 56.90 143 82.18 170 97.70 4 2.30 2.39
Phenols 4 45 17 37.78 22 48.89 30 66.67 15 33.33 3.91
Ketones 10 130 41 1.45 89 68.46 125 96.15 5 3.85 3.02
Ethers 10 161 62 38.51 129 79.50 158 98.14 3 1.86 2.27
Aldehydes 3 25 12 48.00 17 68.00 23 92.00 2 8.00 3.01
Nitriles 3 38 38 100.0 38 100.0 38 100.0 0 0 0.35
Amlnoalkanes 4 54 9 16.67 33 61.11 46 85.19 8 14.81 3.74
Nitroalkanes 2 24 5 20.83 9 37.50 19 79.17 5 20.83 4.05
Thiaalakanes 9 162 33 20.37 73 45.06 142 87.65 20 12.35 3.21
Dithiaalkanes 2 27 27 100.0 27 100.0 27 100.0 0 0 0.14
Alkanethlols 9 169 95 56.21 129 76.33 168 99.41 1 0.59 2.18
Fluorobenzenes 10 129 83 64.34 115 89.15 129 100.0 0 0 1.38
117
Chlorobenzenes 3 32 16 50.00 21 65.63 31 96.88 1 3.13 2.68
Halogens 26 238 44 18.49 127 53.36 222 93.28 16 6.72 2.94
Acids 14 75 45 60.00 66 88.00 74 98.67 1 1.33 2.37
Esters 3 15 15 100.0 15 100.0 15 100.0 0 0 0.34
Glycols 5 68 22 32.35 42 61.76 62 91.18 6 8.82 3.13
Total 133 1566 663 50.11 1095 72.05 1479 93.0 6 87 3.05 3.2
Nc: Number of 




data points within the specified range.
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Chapter Six 
& New QsLhlo. Equation Of State Based On OCU 
J : IntroduGtlQiL.
Equations of state (EOS) have been widely used in 
the simulation and design of chemical processes, tradi­
tionally, EOS have been used to model the phase equilibria 
of hydrocarbon and non-polar compounds over wide tempera­
ture and pressure ranges. For example, the vapor-liquid 
equilibria calculations are computed by the following re­
lation which is valid at the equilibrium condition:
That is the fugacity of a compound i in the vapor should 
be equal to its fugacity in the liquid.
When expressed in terms of fugacity coefficients, then we 
have:
♦J'y,;» - ♦,*x,? (6.1.2)
or in terms of the R-values as:
y,
( 6 . 1 . 3 )
Where P is the pressure and xi and yi are the liquid and 
vapor mole fractions respectively.
Provided we have an equation of state, which is 
reliable from the zero density (i.e. ideal-gas limit) to 
the liquid density the above relations enable us to calcu­
late VLE.
6t2i. Eietory Q fi Eauations Of State Develoyment
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Since van der Waals proposed his equation of state 
(vdW EOS) in 1873, hundreds of equations representing the 
PVT behaviour of gases have appeared in the literature. In 
1927 and after enormous studies on forces between 
molecules, Ursell developed the Virial EOS which is based 
on some statistical mechanical derivations (Walas, 1985).
In 1940, Benedict, Webb and Rubin (1940) intro­
duced the popular BWR EOS, whose later versions have as 
many as thirty constants. However, it was nine years later 
that Redlich and Kwong (1949) modified the attractive term 
of the vdW EOS and demonstrated that a simple 2-parameter 
EOS can also predict fairly well PVT relations of liquids 
and gases.
Nearly two decades later Soave (1972) was to open 
a new interest in cubic EOS when he proposed his popular 
RKS EOS by making again the attractive term of RK EOS 
temperature-dependent'. Since then, many cubic equations of 
state have followed.
Nowadays, it is quite unusual not to find a new 
EOS in every new issue of journals dedicated to thermody­
namic properties estimations (such as Fluid Phase Equilib­
ria, AIChE Journal ...) and this trend will continue until 
accurate equations are developed.
However, all cubic equations of state share common 
characteristics, that is, any modification has been empir­
ical and arbitrary, with parameters adjusted to fit cer­
tain kinds of experimental data such as vapor pressures.
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densities or enthalpies.
As Walas (1985) rightly remarked: "Many equations
1
of state were proposed over the years. Almost every one of 
these has been shown, or claimed, to be superior in some 
respects to earlier ones because of a sound theoretical 
basis, or in some particular range of temperature and 
pressure, or for some particular substances, or for the 
evaluation of some particular thermodynamic property, or 
for being easier to use, or because the inventor had be­
come interested in the topic. Most of these equations have 
not been accepted, not always because they were inferior, 
but simply they were not superior
Then he added that even computerized equations 
with thirty or forty constants have significant limita­
tions. Attempts of generalization of equations to cover 
broader classes of substances usually led to a decrease of 
accuracy in particular instances.
ClaBsifioation Of Equations Of State
The equations of state which have been developed 
for practical applications fall into seven broad classes. 
They are:
a- The Virial equation (VE); 
b- Cubic equations (CE); 
c- The BWR type (BWRT); 
d- Corresponding states equations (CSE);
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e- Perturbed-Hard-Sphere equations (PHSE); 
f- Group contributions equations (GCE)j 
g- Theoretically-based equations.
In his book, Walas (1985) studied a number of 
large reviews on equations of state and made the following 
comments regarding the first five classes:
1- The Virial equation, in its simple form, is 
acceptable for evaluation of vapor fugacities to about a 
reduced density of 0.75. Its main advantage is that a 
large amount of data of second Virial coefficients exist 
in the literature.
2- The original BWR equation is limited in use, 
since the BWR coefficients have been determined for a 
relatively small number of compounds. On the other hand, 
its Starling modification has been widely used for sub­
stances of relevance to the light-hydrocarbon industry. 
The generalized version of Yamada (1973) with 44 constants 
may be applied up to a reduced density of 2.8.
3- The Lee-Kesler (1975) corresponding states 
equation and its modified version proposed by Plocker et 
al (1978) is perhaps the most accurate generalized equa­
tion available for the calculation of vaporization equi­
librium ratios, enthalpy and other thermodynamic proper­
ties, However, it cannot be applied to polar compounds. 
This equation may be computerized and tables and 
flowcharts have been prepared by the authors for manual 
calculations.
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4- The perturbed^hard-sphere equations have been 
developed only in recent years mainly by Prausnitz and 
Donohue (1978), under a project sponsored by the API 
(American Petroleum Institute)] The main advantage of this 
class of equations of state is that they can be applied 
for the evaluation of properties of compounds found in 
petroleum refining and natural gas processing, even when 
they differ significantly in size, shape and potential 
energy. Jin et al (1966) have modified one of the PHSE 
versions to a group contribution.
5- Cubic equation of state are the most popular 
equations used in the prediction of PVT relations, 
vapor-liquid equilibria (VLE) and some thermodynamic prop­
erties. This popularity stems from the practical balance, 
which these equations strike between the accuracy, sim­
plicity and generality. See detailed discussion in section 
(6.6) below.
In this work, we are mainly interested in applying 
the concept of group contribution methods (as we have done 
with other thermodynamic properties) to the evaluation of 
the parameters of a simple and reliable cubic equation of 
state in terms of structural groups.
Since all cubic and group contributions equations 
of state have been derived from statistical mechanics by 
allowing many crude approximations; It is worthwhile re­
viewing current progress in these important areas.
Gtqujb. Contribution Methods And Liquid Theory
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Recently Kehiaian (1983) critically reviewed all 
major applications of group contributions methods for liq­
uid mixtures. All important activity coefficient models 
are based on some statistical mechanical grounds which 
establish a relationship, via the configurational parti­
tion function, between the equilibrium properties of a 
system and the energy of its macroscopic states.
This partition function yields the excess free 
energy as a function of ,say, temperature, pressure and 
composition.
The group contribution methods are used in this 
field with the basic assumption that with conveniently 
selected groups, the configurational energy (which depends 
on the size and shape of molecules) is given by the sum of 
the group interaction energies.
Kehiaian (1983) believes that at present this 
method (GCM) is the only approach through which relatively
complex systems become tractable and he refers to this
approach as the statistical group contribution methods 
(SGCM).
He also stressed that "the quality of the group 
contribution method depends, of course, on the ability of 
the underlying statistical model to describe a system of 
groups of the given type".
Since all SGCM are based on the theory of Guggen­
heim (1952), a brief discussion of the theory together
with its recent criticism is given below.
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According to Guggenheim (1952), a liquid can be 
represented by a 3-D lattice of equi-spaced lattice sites. 
The volume in the immediate vicinity of a site is called a 
cell. Each molecule in the liquid is divided into attached 
segments (groups), such that each segment occupies one 
cell. The total number of cells is equal to the number of 
segments. When some cells are unoccupied (holes) the 
so-called "Hole theory" is recovered. The potential field 
in which, the molecules move is usually calculated on the 
assumption that the other molecules are at their equilib­
rium positions at the centres of their own cells. In ef­
fect, it is assumed that the motion of a molecule is 
independent of the motions of its neighbours.
Many equations of state and excess functions are 
based on this theory [e.g. Nitta et al (1977), Kehiaian et 
al (1978), Panayioto and Vera (I960)].
Although, models based on the quasi-chemical meth­
ods are still in use and that many investigators [(e.g. 
Takishima and Saito (1985), (Abusleme and Vera (1985)] are 
still developing them, many inconsistencies have been re­
vealed:
The following definitions of some terms related to 
this theory are are given first.
The local composition: To understand the physical meaning 
of local composition, picture an equimolar mixtures of 
molecules of type A and B, situated on lattice sites. The 
coordination (nearest-neighbour) number of the lattice is
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denoted by Z (e.g. Z=6 for the cubic lattice). The nearest 
neighbour interaction energies are denoted by Eaa, Ea b , 
E ba and Eb b . The bulk mole fractions are xa= 0 . 5  and 
x b = 0 . 5 .  However, it is argued that due to imbalances among 
the strengths of interactions Eaa, Ea b , Eba and Eb b , the 
local environment of the A and B atoms do not exhibit the 
same distribution as in the bulk. For instance if the Eaa 
interaction is stronger than the Eab interaction, a local 
A molecule will find its A neighbours occupying more of 
the Z coordination sites than do its B neighbours. Thus, 
the local composition of A around this center is higher 
than 0.5, while the local composition of B is lower than 
0.6, in contrast to the bulk situation (Lee et al, 1983).
Thus, it has been suggested that the local compo­
sitions are actually more important in determining the 
properties of the gas than are bulk compositions. Similar 
arguments are evoked for liquids.
For simple' liquids, the local composition of a 
molecule is determined by the RDF (radial distribution 
function); which is proportional to the probability of 
observing a molecule of type A, a distance r from a cen­
tral molecule of type B in the mixture (Lee et al, 1983).
Two well-known local composition approximations 
are due to Wilson (1964) and Prausnitz and Renon (1968). 
Some of the inconsistencies are:
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- A major limitation is to assume a constant coordina­
tion number, meanwhile, in theory there is a solid basis 
to consider it variable with density, temperature and ra­
dius of separation (Eludjee and McDermott, 1984).
- The assumption that all the thermodynamic properties 
of a mixture are largely determined from first interac­
tions is misleading, for the second and third neighbours' 
interactions contribute up to 50% to these properties 
[Sandler (1985), Lee et al (1983)].
- Local composition models which are based on the 
quasi-chemical theory do not satisfy the thermodynamic 
consistency tests suggested by [(Flemr (1976), (McDermott 
and Ashton (1977)].
Where Z is the coordination number and x# are the bulk and 
local compositions.
- By allowing the coordination number to be constant, 
the quadratic characteristic of the second Virial coeffi­
cient (theoretically exact) is violated (Eduljee and Mc­
Dermott, 1984). In fact, the coordination number may be 
assumed constant only at low densities p<r«^o.i where 
cr and p is the molecular diameter and the density respec­
tively (Sandler, 1985).
- In general, the quasi-chemical theory does not repre­
sent well real fluids, even by adjusting the coordination 
number (Kehiaian et al, 1978).
127
- The lattice picture is known to be very crude, espe­
cially for polyatomic molecules, because it is concerned 
only with the effect of exchanging nearest neighbours. A 
lattice-like representation neglects changes in rotational 
and vibrational motions, which molecules experience upon 
mixing (Brandani and Prausnitz, 1981).
However, in practice, any theory as it stands, can 
never be applied, except when suitable assumptions and 
approximations are imposed. As liquids are not yet well 
understood, i.e. their characteristics, properties, struc­
ture etc the same thing applies to the theory of Guggen­
heim and other similar methods which have followed.
The major applications of SGCM are:
1- the random-mixing rigid pseudo-lattice model:
This is the simplest statistical model which can 
adequately represent dense liquid mixtures of non-polar 
molecules. It. was originally proposed by Guggenheim 
(1952). Along with a suitable expression for the combina­
torial entropy, this model reproduces the basic thermal 
excess functions, i.e. Gibbs energy G% and enthalpy HE of 
non-polar non-electrolyte mixtures.






Jfé, is the interchange energy of contacts (s,t); 
a^- is the 6-surface fraction;
Ç, is the total surface of the molecule i;
and X, end f, are respectively, the mole fraction and the 
surface fraction of component i.
Kehiaian (1983) indicated that, for non-polar 
groups and in the limit of high densities, any given sta­
tistical group contribution model should be able to be 
reduced to an expression of this type.
2- Quasi-Chemical pseudo-lattice models:
Guggenheim's quasi-chemical approach was applied 
to molecules consisting of one or two types of homogenous 
segments (groups). Barker (1952) extended the approach to 
molecules consisting of an arbitrary number of heteroge­
neous segments, i.e. segments having different kinds of 
contact points.
According to Kehiaian (1983) many studies have 
shown that the quasi-chemical approximation cannot repre­
sent accurately strongly associated systems (e.g. alco­
hols)^
3- ÂSOG, UNIFÂC and other GCM equations based on 
the local composition concept
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The ASOG (Analytical Solution of groups) equation 
introduced by Wilson and Deal (1962) and developed by 
others and the UNIFAC (ÜNIQÜAC Functional Group Activity 
Coefficients) published by Fredenslund et al (1975) and 
which have attracted a lot of workers since, are based on 
the principle which states that the excess GIBBS energy 
can be divided into two parts:
i- The configurational part which depends on the size 
and shape of molecules.
ii- The residual part which depend on the energy inter­
change between molecules.
Thus, the activity coefficient y, may be expressed by the 
following form:
l n y , - l n y f  + l n y f  , ( 6 , 4 . 3 )
The group contribution expressions are given by:
l n y f - i v „ ( l n r , - l n r ! { > )  ( 6 . 4 . 4 )
*■1
Where is the number of structural groups K in component 
1, and inr, . inry* represent the group contribution calculat­
ed in the solution and in pure liquid i respectively.
These are obtained from:
l n r , - / ( x „ T )  (6.4.5)
Where xi is the fraction of groups, depending of the com­
position when calculated for the solution.
Kehiaian (1983) has reported additional inconsis­
tencies that have been revealed by other authors with 
respect to the theoretical basis of local composition
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models. Danner and Gupte (1986) stated that the activity 
coefficient models were usually used to represent systems 
containing polar components, however, these models have 
not been successful at high pressures or in the critical 
region.
6-5: Statistical Mecbanics BoGSd. Equations 
6-5-1 : DeecriptloiL. o£. molecular forces
According to Rowlinson and Swinton (1982), the 
motion of molecules in a gaseous state is vigorous. The 
molecules move freely and thus overcoming the attractive 
forces between them. As the temperature decreases, the
molecular motion becomes less vigorous and the effects of
the intermolecular attractive forces become significant. 
Thus, the molecules attract each other to form a liquid.
In the liquid state, the molecules can move 
around, touching each other. When the molecular motion 
becomes further inactive, the molecules only vibrate 
around fixed centres arranged in an orderly configuration. 
This is a molecular crystal which is distinguished from 
metallic and/or ionic crystals.
Rare gas atoms are separated in equilibrium at the 
interparticle spacing d. When d is reduced, a strong re­
pulsive force will be exerted between molecules. As the 
atoms approach from a large distance, the intermolecular 
potential u(r) decreases from zero indicating an attrac-
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tlve force. As they approach further within a distance 
representing an atomic diameter, the potential u(r) in­
creases steeply and thus giving rise to repulsive forces.
6-5-2: PeBcrlptlon q£_ intermolGcular potentisls
Potential functions are empirical and the most 
used forms are highlighted for argon. Its parameters are 
given by (Reid et al, 1977) as follows:
Molecular diameter *=3.542A and interaction energy €/K 
=93.3K.
a- Square-well potential: This potential is appli­
cable to simple molecules in pure fluids. The attractive 
forces are present only over a limited distance. The re­
pulsive forces are infinite when the molecules touch and 
zero at infinite separation.
u(r) - «6 if r < a
■ - e if a < r  < R a  
- 0 if Ra < r
#qu#r#-w#H
b- Lennard-Jones potential:
The point of repulsion occurs at the hard core of diameter
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d, vhlch is smaller than the molecular diameter o
c- Hard-sphere potential:
The hard-sphere or rigid sphere assumes that the attrac­
tive forces are absent and that the repulsive forces are 
infinite when the molecules touch and zero at infinite 
separation.
M#fd-#pb#re
tt(r) - 90 if r 
« 0 if r>d
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other intermolecular potentials such as the aver­
age potential of mean force and average of the potential 
of mean force have also been used.
6-5-3: PGscrlvtion of van der ffaala theory of fLulda
Due to uncertainties in the intermolecular forces 
and the difficult calculations involved, the statistical 
mechanics models are not used directly. Thus, most thermo­
dynamic models are based on the following approaches:
- Empirical methods (e.g. Bedlich-Kisler);
i
- Simplified molecular models (e.g. ÜNIQÜAC, ÜNIFAC 
• • • ) Î
- Molecular theory (e.g. Virial, perturbation ...).
Sandler (1985) and his co-workers have carried out 
a lot of work on the generalization of the van der Waals 
partition function.
From statistical mechanics, they derived the following 
canonical partition function, Q. For a number, N, of 
molecules in a volume V and at temperature T, we have:
(6.5.1)
Where the sum is over all the energy states Ei and k is 
the Boltzmann constant.
For small molecules in which the translational motion is 




le the De Broglie wavelenght and
- ...
e ‘“ “ d r i , . . . , d r ^  ( 6 . 5 . 3 )
is the configurational energy and w(r,.r j is the inter­
molecular potential function when a molecule is located at 
the position vector a second at  r j  etc.
m and h are the molecular weight and the Planck's constant 
respectively.
For monatomic fluids, and for small molecules,
they are functions only of temperature, while for long 
chain molecules they depend on density as well (Sandler, 
1985).
For ideal-gases we can derive the following relation from
(6.5.3):
«(ri . . . . . r*)-0 I.e. z m , V , T ) - V  
Also we have: zjjv.w.rHv* •• p-f-»o.
Once the partition function is known, all thermo­
dynamic properties such as the Helmholtz free energy. A, 
internal energy, E, and pressure, P, and other configura­
tional properties (i.e. difference between the real fluid 
and ideal gas properties) can be derived (Sandler, 1985). 
Thus, we have :
^ C A ^ , / . 7 ) - - / p T l n Q ( A / . r . r )  ( 6 . 5 . 4 )
( 6 . 5 . 5 )
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f £ M lF ( N , V , T ) - k T \  1 (6.5.6)
E‘^ ( , N , V , T ) ~ E ( . N , V , T ) - E ' ’' ( . N , V . T ) - k T ^ ( ^ ^ ]  (6.5.7)
\ /(Af.Kl
Where is the configurational energy.
The fundamental problem is how to evaluate Z and 
precisely Q  as a function of its variables for different 
kinds of molecules and mixtures.
As Sandler (1985) pointed out, no exact expression 
for Z is available and only approximations are used.
The first assumption is to assume that the interaction 




Where rij is the distance of separations between molecules 
i and j.
There are two possibilities of solving equation (6.5.8):
(i)- Monte Carlo method.
(ii)- Molecular dynamics (computer simulation) which can 
be regarded as a source of experimental data, since the 
simulation permits an examination of the fluid on a micro­
scopic level and so gives access to data unavailable in 
laboratory experiments. Detailed discussion of molecular 
simulations is beyond the scope of this work.
The average total interaction energy for an assem­
bly of N molecules at a volume V and temperature T, which
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is also the configurational energy Econf(N,V,T) is:
g " " / ( A / . y . T ) - ^ j ' u ( r ) g ( r ; p . T ) d r  ( 6 . 5 . 9 )
where a\rip,T) is the pair correlation function (PCF) for a 
fluid composed of molecules which interact with the poten­
tial u(r).
The PCF enables us to determine how the molecules 
are positioned in space. At constant density and tempera­
ture, this function is proportional to the probability 
that at a distance r (starting from the center of a cen­
tral molecule i) there will be the center of another 
molecule j (see figure below) (Vera and Prausnitz, 1972).
- All realistic potential functions have a hard core for
which u(r) is infinite and the PCF is zero.
- Except at low density where the following relation
llmg,(r;p.r)-e"""'*^ (6.5.10)
p-*0
holds, the PCF depends strongly on density and weakly on 
temperature.
By low density it is meant that where a is the
sphere diameter.
Combining equations (6.5.6) and (6.5.8) we obtain:
lnZ(A/.K.r)-lnZ(A^ ,V'.T->«)-|pJ_^ j^ [j‘u(r)s7(r:p.T, ].
The mean potential can be defined as:
-2kT r r 1
J j r j d T  ( 6 . 5 . 1 2 )
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At r--, only hard-core repulsive forces between molecules 




If u(r)=0 (hard core) then:
Z(A^,y,T)-/^-/y (6.5.15)
Where Vf is the free volume which is equal to the total
volume minus the excluded volume.
Thus, any molecule can move even in the presence of oth­
ers.
Combining equations (6.5.2), (6.5.11) and (6.5.12) yields 
the generalized van der Waals partition function for a 
pure fluid:
(6.5.16)
In equation (6.5.16), if suitable expressions for u(r), 
g(r) and Vf are given, then Q can be obtained and so other 
thermodynamic properties.
In his work Sandler (1985) used the square-well 
potential defined above.
From equation (6.5,16) the familiar van der Waals 
equation of state can be recovered. This is as follows 
(Vera and Prausnitz, 1972):
In order to find an expression for Vf it is conve­
nient to assume that each molecule has a hard core of
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radius a/2 . In other words, when two molecules come to­
gether the smallest possible distance between their molec­
ular centres is a. The free volume can now be calculated 
by subtracting from the total volume V the excluded volume 
(which is not accessible to the center of an arbitrarily 
molecule moving about).
For dilute cases, the excluded volume is 4«aV3 and 
for N molecules when the density is sufficiently low (i.e. 
at a fixed time a given molecule has at most one close 
neighbour), we have:
K,-K-(A^/2)(4rt/3)cr’-/-2rtA//33(j’ (6.5.18)
Vera and Prausnitz (1972) employed the van der 
Waals expression for the free volume given by:
V (6.5.19)
Where b = 4bo and Na is the Avogadro's number.
The original van der Waals assumes that the q 
terms in equation (6.5.16) are independent of volume. When 
the radial distribution function g(r) is assumed indepen­
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dent of temperature and pressure for all r. Then we have:
(6.5.20)
By substituting these new expressions of the free 
volume and the potential in equation (6.6.16) and intro­
ducing the molar volume we have:
+ (6.5.21)
In practice, the parameters a and b are not calcu­
lated from some assumed pair-potential but are used as 
adjustable parameters chosen to give a best fit of the 
experimental data over some range of temperature and den­
sity (usually the vapor pressure). However, because of the 
gross approximation of the free volume, the vdW equation 
of state has not been successfully used. See section 
(6.6).
Therefore, the statistical mechanics can be used 
to compute the thermodynamic properties of molecules obey­
ing simple potential models using computer simulations or 
approximating integral equations.
Sandler (1985) discussed the following advantages 
of using the theoretically-based models
- The model can be tailored to the fluid or mixture of 
interest ;
- Generally, few parameters are required than with empiri-
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cal models;
- Parameters in a theoretical model may be related to 
molecular properties.
S-6: Cubic eguatloziB. û£. etate.
;  Fcview
In section (6.3) we outlined some advantages and 
drawbacks of traditional cubic equations of state. An 
ideal equation of state should be able to predict the 
following properties over wide temperature and pressure 
without changing its form:
- Thermodynamic properties (e.g. real gas heat capacity);
- Liquid molar volume;
- Vapor molar volume;
- Heat of vaporization;
- Saturated vapor pressure;
- vapor-liquid equilibria.
Cubic equations of state range from simple expres­
sions with 1 or 2 constants to complicated forms with up 
to 50 constants (Martin, 1979).
Complex equations have been used for high-pressure work, 
though they are not preferred over simple ones, since for 
multicomponent mixtures, they involve tedious manipulation 
and excessive computer storage in lengthy iterative calcu­
lations .
All cubic equations of state may be derived from 
the following general equation by making appropriate sub­
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stitutions for the parameters (Martin (1979).
p.dl “CD + «ÇD  (6.6.1)
V ( .V+P)( . y*y)  X(K + f ) (X  + y)
Where R is the universal gas constant; 
a and 0 are functions of temperature; 
fi and y are constants.
However, any equation derived from the equation (6.6,1) 
must satisfy the following conditions at the critical 
point:
(6.6.2)
The RKS equation of state (Soave, 1972) is given by:
Where the parameters a and b are expressed by the follow­
ing relations:
o - 0 . 4 2 7 4 8 / l * r ? / ? c a  ( 6 . 6 . 4 )
b -  0 . 0 8 6 6 4 A T  g / f  c ( 6 . 6 . 5 )
: a - [ l + m ( l - V ^ ) ] *  (6.6.6)
m - 0.48508 + 1.551171(0-0.15613(0 ' (6.6.7)
Equation (6.6.7) was obtained by Graboski and Daubert
(1978), who used an extensive data for hydrocarbons. This
new equation gives the best results for Trko.s.
As Redlich (1949) stressed, the cubic equations of 
state must fulfil the following three properties:
i- As , v-*b ( it would be incorrect if x-*o , as in
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the case of the Virial and BWR equations of state).
11- Parameters a and b have physical significance.
Ill- The EOS Is of the third degree In volume.
Recently, cubic equations of state have seen an 
extensive study by many workers who compare them for con­
sistency and accuracy.
Martin (1979) made a detailed analysis of cubic 
equations of state and found that the Clauslus-type Is the 
best for volumetric data of pure fluids.
Adachl and Lu (1984) demonstrated that practically 
similar results In VLB calculations can be obtained from 
various EOS, despite their differences In representing 
pure-component properties. They even suggested that these 
EOS results may be comparable to those obtained from more 
complex equations of state. In another study, Adachl et al 
(1983) evaluated sixteen two-term three-parameter equa-
I
tlons of state from the view point of representing the
saturated properties and llquld-phase densities |Pr^ 3) and
concluded that the best equations Is a three-parameter
Redllch-Kwong type proposed by Fuller (1976).
Yu et al (1986) evaluated 14 equation of state of 
the vdW type through the calculations of eight pure compo­
nents properties of the first ten members of normal alka- 
nes, using generalized correlations and tabulations avail­




- Saturated liquid and vapor volumes;
- Liquid and vapor compressibility factors;
- Compressibility factor of gas above the critical tem­
perature ;
- Second Virial coefficient.
Their results indicated that the currently popular 
SRK (Soave-Redlich-Kwong) and PR (Peng-Robinson) do not 
necessarily yield the best results. The overall perfor­
mance of equations containing more than one tempera­
ture-dependent parameter is generally inferior, indicating 
that there is error propagation to properties other than 
those used in the forced-fitted procedure (generally vapor 
pressure).
Following these considerations they proposed a 
three-parameter equation of state (Yu et al, 1987) given 
by:
„ RT a{T)
V-b K(K + c) + b(3y + c)
(6.6.8)
Where : a(T) is temperature-dependent and b and c are
constants.
Treble and Bishnoi (1986) collected a database 
containing 75 pure components PVT data and compared ten 
cubic equations of state. They found that several equa­
tions tested showed specific regions of very poor volume 
predictions and some failures to predict physically mean­
ingful values for volumes were even encountered.
Equations which included a b (temperature-depen­
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dent) led to the prediction of negative heat capacity in 
the single phase region.
It is known that the RKS and PR equations have a 
constant critical compressibility factor for all com­
pounds; thus, a third parameter was introduced recently in 
order to provide a component-dependent Zc.
Based on the above results, they proposed a new 
four-parameter equation of state (Treble and Bishnoi, 
1987) and it is given by:
Again a(T) is temperature-dependent and b,c,d are con­
stants .
The parameter d was introduced simply to allow component 
dependent be.
It is evident from the literature that any EOS 
which can accurately reproduce the vapor pressure data 
would be, in general, suitable for VLE calculations. To 
represent better the saturated liquid volume Soave (1984) 
included a third parameter to his equation. Meanwhile, 
Tsonopoulos and Heidman (1986) stated that the VLE predic­
tions by cubic EOS may only be approved if better mixing 
rules are used.
St6-2; Mixiiur rules
Most equations of state use the "classical" mixing 








Cij are called binary interaction parameters and they are
used to correct the deviation of aij from the geometric 
mean. For hydrocarbons at or above ambient temperature, 
Cij are close to zero, however, they are significant when 
the components vary sharply in size. Z is the mole frac­
tion.
During the last decade, it has been suggested that 
the components in mixtures do not distribute randomly be­
cause of the intermolecular interactions. Hence Huron and 
Vidal (1979) derived a new mixing rule from the NRTL equa­
tion and showed that their mixing rules yielded accurate 
results for those non-ideal mixtures. Whiting and Praus- 
nitz (1981) also derived a density-dependent mixing rule 
and showed that the density dependence in the cohesion 
parameter (a) was necessary from the theoretical point of 
view. However Adachi and Sugie (1965) have recently shown 
that the functional form of the mixing rule was less im­
portant than the number of adjustable parameters, and that 
a reasonable number of adjustable parameters was two. 
Whereas, Tsonopoulos and Heidman (1986) remarked that the 
Huron-Vidal mixing rules and, in general, the local compo-
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sltlon mixing rules do not reduce to the theoretically 
correct quadratic mole fractions dependence for the mix­
ture (i.e. the second Virial coefficients).
6-7: Déduction ot. MRKS EOS par6JBeter&. from. Btzuoturml 
axauDs.
Since the aim of this chapter is to examine the 
relationship between the parameters of an equation of 
state and the structural groups of the corresponding 
molecules. The modified RKS-EOS proposed by Grobaski and 
Daubert (1978) MRKS, which is applicable from the triple 
point to the critical point, has been selected for further 
investigations. This is simply, because on the one hand, 
other complex equations of state have not been found much 
superior to MRKS. On the other, the advantage of being
2-parameter equation enables one to analyse the effects of 
the individual errors of the predicted constants on the 
resultant error in the equation (e.g. vapor pressure).
The literature survey reveals that the estimations 
of the parameters of a cubic EOS by the group contribution 
methods (GCM) have not been reported. However, Forman and 
Thodos (1958) have suggested a GCM for the estimation of 
the van der Waals constants in order to calculate the 
critical temperature Tc and the critical pressure Pc. 
Since the van der Waals constants can be expressed in 
terms of the critical T and F as follows:
a - 2 7 f t * T j / 6 4 P .  ( 6 . 7 . 1 )
b-RTe/Pc ( 6 . 7 . 2 )
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They showed that a plot of a2/s and b2/4 versus
the number of carbon atoms (Nc) of the normal paraffins
give a linear relationship.
There is not much information on how to estimate
the parameters of a cubic EOS other than the traditional
procedure of determining the parameters using the vapor 
pressure data subject to the critical condition (eqt 
6.6.2). However, Oellrich et al (1978) have proposed a 
method to estimate the parameters of their equation of 
state given by:
, l+f + f’-f® a
(I-f)») RTV




They noticed that by using experimental data at 
one condition only (eqt 6.6.2), one can obtain good agree­
ment with experimental data in the region near that condi­
tion, but poor agreement is obtained elsewhere. Thus, they 
estimated a and bo from the regression of experimental 
vapor pressure Pvp and saturated liquid density pr*.
At the saturation envelope equation (6.1.1) holds; 
thus we have:
Using f  «Bd pr*, the corresponding Pvp are evaluated 
by iterations.
The constants a and bo are adjusted until for a given
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wd pr* . r-r
Then, the following expressions are evaluated:
n.-ao+a,r;‘ + ajr;* (6.7.s)
(6.7.6)
Where Tr is the reduced temperature.
Finally, the six coefficients of equations (6.7.5) 
and (6.7.6) are evaluated for each compound.
In this work, many procedures and forms of the EOS 
parameter structural groups relationships have been test­
ed.
In. Non-linear regression: 
a=. Equation of. state.
Using the BMDP Statistical Package non-linear re­
gression program, we regressed the following equation.
„ RT a(7)
V-b y(K + b)
(6.7.7)
Where the parameters b and a(T) are now expressed by the 
following empirical relations.
(6.7.8)
Where Ni is the number of structural groups i and the 
parameters (Pi and Qi) are the unknowns.
At the saturation envelope, the pressure and tem­
perature are dependent and only the saturated liquid and 
vapor densities are unknown. Therefore, by using the ex­
perimental vapor pressure and the liquid or vapor density
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data, one may expect to obtain the parameters P and Q . 
iz. Dee of vapor pressure and saturated vapor, density, data:.
First, the vapor pressure data given by the An­
toine equations (the constants were taken from the compi­
lation of Reid et al (1977) and the calculated saturated 
vapor volume (obtained from the original MRKS) were used 
to determine the parameters.
This procedure enabled the new EOS to reproduce 
accurately however, the Pl** was largely overesti­
mated .
The fact that no cubic 2-parameter EOS predicts 
well the pr* unless a third parameter is added did not lead 
us to accept the results for the following reasons:
- It was shown earlier that as P tends to infinity, the 
volume must tend to b and thus b cannot be negative.
- b has a physical significance.
- The errors in the pr* are 2 to 3 times higher than 
those obtained from MRKS.
ilr. Dae af vapor pressure and saturated liquid density 
dalaj.
The Antoine equation of vapor pressure was again 
used, but the saturated liquid density was calculated by 
the modified Rackett equation proposed by Spencer and 
Adler (1978). The liquid density of hydrocarbons can be 
reproduced within 0.42 average percent deviation.
This time, the procedure resulted in negative 
vapor pressure and thus it was abandoned.
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ill- Use of vapor pressure and saturated vapor, densltz 
data with constraints :
In this case, the first procedure was repeated, 
however, a linear constraint was imposed on the Pi parame­
ters and thus to Indirectly keep b positive. This resulted 
in very high errors in vapor pressure.
bn Parameters
When the above procedures could not yield reason­
able results, the parameters a(T) and b of (6.6.3) were 
calculated using equations (6.6.4) to (6.6.7) for differ­
ent classes of compounds. Since the parameter b is tem­
perature-independent , equation (6.7.12) below yielded b 
values which are within few percent of the original ones. 
Looking at equation (6.6.4) reveals two important facts, 
the first term (ac) is proportional to the critical tem­
perature and pressure respectively and hence can be ex­
pressed in terms of the group contribution (see chapter 
seven), while the factor (m) is proportional to the acen­
tric factor, which is itself, can be accurately represent­
ed by the GCM (Hoshino et al, 1982). Therefore, it was 
decided to regress the following equation:
+ Y.c,COR, (6.7.10)
f-11-1
Where Ni is the number of groups i;
CORi is the number of correction terms i; 
ai, bi and ci are the unknown coefficients.
To minimize the sum of squares of the above equation, both
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the BMDP non-linear regression program and the NAG subrou­
tine (E04FDF) were used. However, after many trials the
*
solution did not converge to the lo'Cal minimum.
Following the results of procedures (a and b), the diffi­
culties encountered in minimizing a non-linear function 
with six parameters (in the case of simple alkanes) and
the time limitation, the linear approach was adopted. But,
the error propagation cannot be avoided this time.
Linear régression;
The parameters a and b were calculated from the 
original MRKS over wide temperature ranges (for a, b is
constant). First, it was assumed that these parameters may
depend on the structural groups in a linear fashion and 
this assumption was tested. However, the results indicate 
very high standard deviations and very low correlation 
coefficients.
Linear regression and transformation of parame­
ters:
By raising the parameters a and b to the (1/3) and 
(3/4) respectively, linear relationships were obtained be­
tween these transformed parameters and the number of car­
bon atoms (i.e. the sum of corresponding structural 
groups).
b is constant, whereas a is temperature-dependent 
and varies according to the graphs shown in figures (6.1) 
to (6.4).
In figure (6.1), a scattered plot of a versus the
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*Please refer to Appendix 6  for the algorithms.
number of carbon atoms (Nc) of the first nine members of 
normal alkanes at constant temperatures, shows that this 
parameter increases with Nc and decreases with tempera­
ture.
Figure (6.2) shows a scattered plot of a versus 
the reduced temperature but at constant number of carbon 
atoms for the same compounds. Thus, it can be concluded 
that a decreases with Tr and increases with Nc. Figures
(6.3) and (6.4) show a fitted version of fig (6.2) and 
alpha versus Nc at constant reduced temperatures.
Finally, based on the suggestions by Forman and 
Thodos (1958) and the information depicted by the graphs, 
we selected the following equations for the regression:
Nt Me





Where Tr is the reduced temperature;
Ni is the number of structural groups i (e.g. -CH3);
COR are the isomeric correction terms;
The statistical results of ai/3 and b*/* regres­
sions are shown in tables (6.7.1) and (6.7.2) and the 
values of the proposed group contributions are shown in 
tables (6.7.3)- and (6.7.4). The new parameters can be 
applied to the classes of hydrocarbons shown in the tables 
below. Fifteen groups have been obtained. The Balaban and 
Randic' indices were used as isomeric correction terms.
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Plot of A vrs Tr of Alkanes C1-10




































For the parameter a, the Randic' index was significant in 
many cases, however, its contribution was negligible for 
the case of the parameter b. On the other hand, the Bala­
ban index was significant for both cases.
Table (6.7.1): ai/* error summary:
Class S R2 Nc Np AAD ARD BIAS
N-alkanes 2.934 99.99 18 325 2.42 0.63 0.043
T-alkanes 5.957 99.46 19 359 4.62 1.30-0.283
Q-alkanes 6.46 99.78 19 354 6.30 1.69 1.946
Alkenes 4.258 99.56 24 403 3.21 1.08-0.003
Alkadiene 2.003 88.75 3 49 1.55 0.57-0.003
Alkynes 1.827 99.90 5 61 1.29 0.54-0.001
Cycloalkanes 3.808 99.93 15 270 3.04 0.97 0.035
Aromatics 4.534 99.88 13 268 3.34 0.88-0.001
Total 116 2089 3.75 1.08 0.290
154
Table (6.7.2): b*/* error summary:
Class S R2 Nc Np AAD ARD BIAS
N-alkanes 0.9254) 99.98 18 18 0.722 1.46 -0.066
T-alkanes 1.320 71.59 18 18 1.025 2.58 -0.105
Q-alkanes 1.603 96.75 18 18 1.290 2.94 0.211
Alkenes 0.8397 97.87 24 24 0.533 1.73 -0.071
Alkadiene 2.4753 98.05 3 3 1.413 5.24 0.321
Alkynes 0.8200 96.45 5 5 0.336 1.40 -0.000
Cycloalkanes 1.930 99.72 15 15 0.678 2.12 —0.030
Aromatics 1.799 99.51 13 13 1.121 2.76 -0.015
Total 114 114 0.860 2.24 -0.005
In tables (6.7.1) and (6.7.2), the abbreviated terms are
- S: Standard deviation;
- R2 : Correlation coefficient;
- Nc : Number of compounds tested;
- Np ! Number of corresponding data points;
- AAD : Average absolute deviation;
- ARD : Average relative deviation.
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Table (6.7.3): Group values for ai/3








T-alkanes >CH- -38.4140 -7.9160 -2.5922




































Table (6.7.4): Group values for b3/4








T-alkanes >CH- -0.9233 -0.1203



































In tables (6.7.3) and (6.7.4) the symbol (*) indi­
cates a triple bond.
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An average absolute deviation of 3.75 and an average rela­
tive deviation of 1.08% were respectively obtained for the 
parameter ai/*, while they were 0.86 and 2.24% for b^/* 
respectively.
These results indicate that the MRKS equation pa­
rameters a and b may be accurately reproduced by using the 
group contribution approach. the errors in a and
b will be 3 and 1,3 times higher than those reported here 
because of the propagation of errors. For this reason, the 
new EOS is less accurate than the original MRKS.
The performance of the new equation of state for 
predicting the vapor pressure is shown and compared with 
the original MRKS in tables (6.7.5) to (6.7.11) for the 
different classes of compounds evaluated in this work.
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Table (6.7.5): Comparison of predicted vapor 
by pressure RKS and the new GCM for n-alkanes
-• Relative absolute devi­
ation (%)
Compound Np MRKS GCM
Ethane 4 3.91 17.55
Propane 5 2.75 12.30
Butane * 5 0.66 10.45
Pentane 7 2.49 12.31
Hexane 7 2.32 9.44
Heptane 7 2.73 7.47
Octane 8 1.16 5.52
Nonane 8 1.53 4.11
Decane * 8 1.82 3.55
Undecane 8 1.88 3.33
Dodecane 8 1.82 3.37
Tridecane 9 2.10 3.15
Tetradecane 9 7.60 4.28
Pentadecane * 9 11.68 3.22
Hexadecane 9 42.84 46.20
Heptadecane 9 21.32 24.72
Octadecane 9 3.43 8.92
Nonadecane 10 2.18 6.16
Average 7.08 10.26
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Table (6.7.6): Comparison of predicted vapor by 
pressure MRKS and the new GCM for t-alkanes
Relative absolute devia-
tion (%)
Compound Np MRKS GCM
Isobutane 5 0.36 7.16
2-methylpentane 7 2.36 10.55
2,3-dimethyIbutane 6 2.37 5.88
2-methylhexane 7 2.33 13.27
2,3-dimethyIpentane 7 3.18 7.31
2,4-dimethyIpentane 7 12.56 13.13
3-ethyIpentane 7 1.98 18.44
2-methylheptane 7 2.11 15.61
3-methylheptane 7 1.62 2.12
4-methylheptane 7 1.08 9.10
2,3-dimethyIhexane 7 7.79 13.13
2,4-dimethyIhexane 7 1.98 16.46
2,6-dimethyIhexane 7 0.92 3.43
3-ethyIhexane 7 2.27 24.08
2,3;4-trimethyIpentane 7 2.96 14.64
2-methyl-3-ethyIpentane 7 1.93 31.74
3-methyIpentane * 7 5.90 9.16
3-methyIhexane * 7 2.31 2.87
3,4-dimethyIhexane * 7 1.92 22.47
Average 3.10 12.80
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Table (8.7.7): Comparison of predicted vapor by 
pressure MRKS and the new GCM for q-alkanes
Relative absolute devi­
ation (%)
Compound Np MRKS GCM
2,2-dimethylpropane 3 1.29 17.30
2,2-dimethyIbutane 7 1.62 4.91
3,3-dimethyIpentane 7 3.13 7.11
2,2;3-trimethyIbutane 7 2.32 16.51
3,3-dimethyIhexane 7 24.12 8.16
2,2,3-trimethyIhexane 7 1.95 4.70
2,2,4-trimethyIhexane 7 2.20 6.83
2,3,3-trimethyIhexane 7 2.79 4.34
3-methy1-3-ethyIpentane 7 2.95 17.73
2,2,3-trimethyIhexane 7 0.49 2.62
2,2,4-trimethyIhexane 7 8.10 2.80
3,3-diethyIpentane 5 2.20 29.93
2,2,3,3-tetramethylpenta 6 5.53 6.56
2,2,3,4-tetramethylpenta 6 1.26 9.66
2,2,4,4-tetramethylpenta 6 2.78 1.72
2,3,3,4-tetramethylpenta 6 2.22 12.17
2,2-dimethyIpentane * 7 2.30 2.01
2,2-dimethyIhexane * 7 1.56 9.80
2,2,5-trimethylhexane * 6 1.10 12.51
Average 3.83 8.77
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Table (6.7.8): Comparison of predicted vapor by 
pressure MRKS and the new GCM for alkenes
Relative absolute devi­
ation (%)
Compound Np MRKS GCM
propene 5 4.83 40.02
1-butene 6 0.96 2.94
cis-2-butene 6 2.13 10.60
trans-2-butene 6 3.38 3.05
2-methyl-l-propene 6 0.89 38.12
1-pentene 6 7.35 16.08
cis-2-pentene 6 2.03 4.21
trans-2-pentene * 6 0.64 2.61
2-methyl-l-butene 6 0.53 31.05
2-methy1-2-butene 6 3.62 34.63
1-hexane 7 2.75 20.60
cie-2-hexene 7 2.22 15.80
trans-2-hexene 7 4.47 16.85
cis-3-hexene 7 4.35 6.47
trans-2-hexene * 7 4.49 5.98
2-methyl-2-pentene 7 4.83 19.16
3-methyl-cis-2-pentene 6 10.55 19.15
3-methyl-trans-2-pentene 6 18.71 4.28
2,3-dimethyl-2-butene 7 9.18 17.01
1-heptene 7 10.52 12.72
1-octene 7 2.77 2.68
1-nonene * 8 2.13 12.51
1-decene 6 2.41 24.12
Average 4.59 15.31
Table (6.7.9): Comparison of predicted vapor 
by pressure MRKS and the new GCM for alkynes
Relative absolute devi­
ation (%)
Compound Np MRKS GCM
1-ethyne 1 0.17 15.13
1-propyne 5 4.83 25.88
1-butyne 6 33.45 21.20
2-butyne * 5 12.90 18.12
1-pentyne 6 13.35 16.25
Average 16.07 19.66
161
Table (6.7.10): Comparison of predicted vapor by 
pressure MRKS and the new GCM for cycloalkanes
Relative absolute devi­
ation (%)
Compound Np MRKS GCM
cyclobutane 5 17.61 134.86
cyclopentane 6 0.98 5.21
cyclohexane * 6 2.15 26.37
methylcyclopentane 7 4.84 28.52
cis-1,2-dimethylcyclopen 7 41.53 20.23
trans-l;2-imethylcyclope 7 3.90 9.64
methylcyclohexane * 7 0.66 4.82
cis-1,2-dimethyIcyclohex 8 3.47 11.03
cis-1,3-dimethyIcyclohex 7 8.75 6.62
cis-1,4-dimethylcyclohex 7 4.09 16.51
ethylcyclohexane * 8 3.81 24.44
1,1,2-trimethylcyclopent 8 1.32 18.75
1,1,3-trimethyIcyclopent 7 5.70 4.82
1-methyl-1-ethylcyclopen 7 2.57 17.61
Average 7.01 21.33
Table (6.7.11): Comparison of predicted vapor by 
pressure MRKS and the new GCM for alkylbenzenes
Relative absolute devi­
ation (%)
Compound Np MRKS GCM
1,3-dimethyIbenzene 8 11.54 56.76
1,4-dimethyIbenzene 8 1.93 53.52
ethylbenzene * 8 1.50 7.99
l-methyl-2-ethyIbenzene 8 5.01 26.02
1-methy1-3-ethyIbenzene 8 10.00 8.63
l-methyl-4-ethyIbenzene 8 2.36 6.49
1,2,3-trimethyIbenzene 8 11.72 30.46
1,2,4-trimethyIbenzene * 8 7.91 18.86
1,3,5-trimethyIbenzene 8 3.57 20.11
n-propyIbenzene 8 10.51 28.27
n-butyIbenzene * 8 2.64 25.69
1,4-diethyIbenzene 8 2.50 22.13
Average 5.93 25.41
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The symbol (*) following a compound name means 
that particular compound was not included in the original 
data regression and Np represents the number of data 
points used.
6 ^ 8 : CoilGlUSlQIL
Tables (6.7.5) to (6.7.11) show that in many 
cases, the average percent deviations are about 2 to 3 
times higher than those obtained by the original MRKS. 
These higher differences may be attributed to:
- Error propagations which can increase by a power of 
three for the case of parameter a and about 1.3 for the 
parameter b.
- The model proposed by equation (6.7.10) is linear and 
does not accurately represent the parameter a when com­
pared with the non-linear form of equations (6.6.4), 
(6.6.6) and (6.6.7) of the original MRKS.
However, same or better results could have been 
found if the non-linear procedure described above was suc- 
cessfull. Therefore the situation could be improved sig­




Estimation of critical properties 
7-1; D efin itio n
The critical point is the thermodynamic state in 
which liquid and gas phases of a substance coexist in 
equilibrium at the highest possible temperature. At higher 
temperatures than the critical temperature Tc no liquid 
phase can exist. Along with Tc, the pressure at which, the 
following relation holds <f/*/<£y,-o is the critical pres­
sure. An appreciable change in the properties of a sub­
stance occurs at the critical point.
7t2 i  IntroduGtiQB
The purpose of this chapter is three-fold:
i- During the investigation of the liquid heat capacity 
(chapter five), the introduction of the Balaban index as a 
correction term, has not only enabled the distinction be­
tween isomers, but improved quite significantly the accu­
racy of the model.
ii- To date, critical property correlation, which is based 
on GCM, taken into account isomeric variations.
iii- In predicting thermodynamic and phase equilibrium 
coefficients, critical properties are the mostly used cor­
relating parameters. Many cubic equations of state employ 
the critical properties and the acentric factor for corre­
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lating their parameters (see chapter six). Correspond- 
ing-states methods are mainly based on the critical prop­
erties .
Of the large number of substances of interest to 
the chemical industry, critical properties have only been 
experimentally determined for relatively few compounds. 
Perhaps, the most complete compilation of known critical 
properties is that compiled by Ambrose (1980). The compi­
lation consists of about 600 substances including ele­
ments, inorganics and organics.
The experimental data used in the present analysis, 
were mainly taken form Ambrose's work and from Reid et al 
(1977) compilation with the exception of 1,1-dimethylcy- 
clopentene and 1-1-dimethylcyclohexene, whose estimated 
values, were taken from ACS (1959). Their respective val­
ues showed higher deviations from those calculated by the 
proposed method.
Listing of the compounds used in this work are shown in 
appendix D.
T-J: Review of. critical i>roi>Grtie0  estimation methods
Almost, every correlation is based on the Group 
Contribution Methods (GCM) employed throughout this work. 
In each case, the estimated critical property or some 
function of it is denoted by Q and is given by the follow-
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ing form:
(3-a+^r/,4^ + 6r^n/^/l (7.1)
t-i L«-i J
Where: J, is the contribution of the group j, is the 
number of such group in the molecule and M is the total 
number of the different types of groups.
7-3-1J Critical temperature
Lyderson (1955) proposed the following equation for 
the critical temperature, Tc:
Te-T.[0.567 + X ^ r-(I^rrr‘ (7.2)
Where Tb is the normal boiling point and Jy is the summa­
tion of contributions from various groups or atoms.
Ambrose et al (1978) related the normal boiling 
point to the critical temperature via the following rela­
tionship:
Q (7.3)
Where: Tb is the normal boiling point in Kelvin,
Tc is the critical temperature in Kelvin,
#-1.242 for all families of compounds except for 
perfluorocarbons,
#-1.570 for perf luorocarbons,
Jr is the summation of contributions from various 
groups or atoms.
The contribution of the alkyl group(s) is deter­
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mined by the following equation for the corresponding par­
ent hydrocarbon:
^JXalkane)-0.138A/-0.043A/,-0.1 2 0 0 2 3 ( 7 . 4 )  
Where: N = the number of carbon atoms,
Ns = Number of ternary carbon atoms,
N4 = Number of quaternary atoms,
P = Number of pairs of C atoms three bonds apart 
(Platt number),
= Difference between the Platt number of any 
isomer and its n-alkane parent.
For alcohols, the contribution of the (-0H) group 
is expressed by the equation:
JJ(-0//)-0.87-0.11A/ + 0.003A/’ (7.5)
To calculate the critical temperature of branched
alcohols, an effective carbon number, N*, is determined by 
linear interpolation between the carbon number of the two 
appropriate normal primary alcohols based on the normal 
boiling points of the three alcohols. The corresponding 
primary alcohols are those whose boiling points are imme­
diately above and below that of the branched alcohol. The 
corresponding parent hydrocarbon contribution is deter­
mined by substituting (-CH3) for (-0H) and making the 
appropriate calculation using the equation given for 
j%(aik#ne) and subtracting 0.138.
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Fedors (1982) did not employ the normal boiling 
point and his equation is given by:
rc-535j^log^W + Ç j r j - 0 . 3 5 o l  (7 .6)
Klincewicz and Reid (1984) evaluated some of the 
well known methods of critical properties based on the 
group contribution approach and proposed another method. 
Their equation is yielded by:
Tc -  45.40 -  0 .77A/W+ 1 .5 5 7 .  + (7 .7)
where: Mw and Tb are the molecular weight and the normal
boiling point respectively.
7-3-2; Critical pressure
Lyderson related the critical pressure to the 
molecular weight Mw by the following form:
7'c-0.1013A/u'[0.34 + ( ^ J , ) ‘’] (7 .8)
where: Pc = critical pressure, in megapascals;
Mw = molecular weight in Kg/mole;
= summation of contributions from various groups
or atoms.
According to Kallianpur et al (1984), this method 
is best suited for organic compounds containing C, H, 0,
S and N atoms, while, the Ambrose's method is well suit­
able for alcohols, ketones, mercaptans and sulfides and 
is given by:
[KIw/PcY'^-y-b^Y.^', (7 .9 )
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where: Mw = Molecular weight in Kg/mole,
Pc = Critical property in megapascals, 
b = 0.0339 for all families of compounds except 
for perfluorcarbons,
b = 0.1000 for perfluorocarbons and monohydrogen 
substituted perfluorocarbons,
= summation of contributions from various 
groups or atoms.
The alkyl group(s) contribution is computed by the 
following equation for the corresponding parent hydrocar­
bon:
^ - 0.0226//-0.0006A/,-0.0030Af.-0.0026 (7.10)
where: N = Number of carbon atoms,
N3 = Number of ternary atoms,N
N4 = Number of quaternary atoms,
F = Number of pairs of carbon atoms three bond
apart (Platt Number),
àP = Difference between Platt Numbers of any isomer 
and its alkane parent.
When calculating the critical pressure of the 
branched alcohols, an effective carbon number, N*, is de­
termined by linear interpolation between the carbon number
of the two appropriate normal primary alcohols based on
the normal boiling points of the three alcohols. These
alcohols, should be those whose boiling points are immedi­
ately above and below that of the branched alcohol. The 
corresponding contribution from the parent hydrocarbon is
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allowed for by replacing (-CH3) for (-0H) and subtracting 
0.026.
Klincewicz and Reid (1984) equation for the criti­
cal pressure is yielded:
t
[A/w//>e)’-0.335 + 0.10Wu; + ^ ^, (7.11)
Where Pc is expressed in bar and Mw is the molecular
weight.
= summation of contributions from various groups or
atoms.
Z-3-3; C ritica l, volume.
Most critical volume (Vc) correlations are based on 
the group contribution approach, sometimes improved by the 
molecular weight as a correlating parameter. Although, 
other parameters, which are not readily available, such as 
the parachors were also used with some equations.
Like critical temperature and pressure, Lyderson 
proposed the following equation for the critical volume:
/c-40.0 + %]ziy (7.12)
where: Vc = critical volume in cm3/g-mole,
= contributions from various groups or atoms. 
Fedors' (1982) method is also as simple as Lyderson 
and is given by the following form:
1'c-26.60 + ]^j3V (7.13)
where: Vc and IJV” have the same meanings as above.
Klincewicz and Reid (1984) related Vc to the struc­
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tural groups and the molecular weight yielding the equa­
tion:
V c'‘25.20*2.80Uw  + Y,^V ( 7 . 1 4 )
As many correlations of critical properties have 
been developed using basically the same experimental data 
reported by Ambrose and have already been discussed and 
evaluated elsewhere [Reid et al (1977), Klincewicz and 
Reid (1984)], we will not re-evaluate them again in this 
work. Meanwhile, a summary of the evaluation work of 
Kallianpur et al (1984) for the AIChE Design Institute for 
Physical Properties Data (DIPPR) is presented in table 
(7.1) for organic compounds.
Table (7.1): Accuracies of methods evaluated by AIChE
Author Property APE Bias Nc
MLM Tc 1.02 -0.06 195
Ambrose Tc 1.05 0.26 195
Lyderson Tc 1.53 -0.13 195
Ambrose Pc 4.52 -0.99 139
MLM Pc 4.30 0.74 139
Lyderson Pc 5.61 1.26 139
Fedors Vc 2.44 73
Lyderson Vc 3.82 75
APE : Average percent deviation 
Nc : Number of compounds tested 
MLM : Modified Lyderson Method
When the above average percent absolute deviations 
were recalculated they were 20-30 percent higher than
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those reported.
Although, both the Lyderson and the Ambrose methods 
are considered to be the most accurate, they suffer from 
the inability to distinguish between isomeric compounds; 
which posses identical number and type of structural 
groups. The Ambrose method is complicated in form and uses 
many corrections terms and improves on Lyderson by includ­
ing additional parameters such as the number of ternary 
and quaternary carbon atoms and the Platt number. However, 
as was shown in chapter four, such indices have a very 
weak discriminating power and the problem of isomerism 
will always persist.
The method of Fedors (1982) does not require the 
availability of the boiling point but it is, of course, 
less accurate.
The method of Klincewicz and Reid (1964) is better 
than that of Lyderson and slightly less accurate than the 
Ambrose's. Meanwhile it is straight forward to use and 
does not require any correction terms except for halogens, 
where a distinction between pairwise interactions of halo­
gen atoms attached to the same carbon atom is necessary. 
However, it does not also distinguish between isomers.
7-4: ProjyoBed method
A too simple group contribution method may not be 
accurate and a complex one may lose the advantages of this 
approach. For this reason, the proposed method has been 
designed to combine both the simplicity and the accuracy
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using practically the same information which the other 
authors used.
Whereas, Ambrose and Fedors methods employ 51 and 
49 structural groups and corrections respectively, we used 
only 38 groups and yet our method is more or at least as 
general as theirs.
The correction terms, which are usually needed to 
improve the accuracy and to account for isomeric discrimi­
nation, are here expressed in terms of the two highly 
discriminating indices (the generalized Balaban and 
Randic' indices) discussed earlier in chapter four. This 
power of discrimination can be detected from the present 
investigation of the critical properties. A total number 
of 365 compounds were used in the analysis, only four 
compounds have an identical Balaban index (2.000) while 
their respective Randic' indices are totally different 
(2.000, 3.000, 0.7071, 3.6741) (see appendix D). In other 
words, when one index fails to discriminate between two 
isomers, the other index will generally work.
7-5;.. Mod&JL Development
The optimum contributions of structural groups were 
determined by linear regression techniques using the 
Minitab statistical package. At least eighteen different 
forms of the three critical properties have been tested 
(see table (7.2)). For each property, an error analysis 
was carried out to select the most accurate correlation. 
The error terms employed are defined in table (7.7).
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Table (7.2): The different forms of correlations tested

















































































































































Where S = Standard deviation of the equation,
R2 = Squared correlation coefficient,
AAE = Average absolute error,
APE = Average percent error.
The notations C1-C38 stand for groups Cl (i.e -CH3) 
through to C38 (i.e. NOz). C39-C44 are the Balaban and
Randic' indices, the molecular weight, the boiling point 
and the squared Balaban and Randic' indices respectively. 
All these parameters are explained in table (7.4).
As can be seen from the table, the standard devia­
tion and the correlation coefficient are given by Minitab, 
while AAE and APE are calculated by another program. Equa­
tions which showed low standard deviation and higher cor­
relation coefficient were further investigated.
In devising the structural groups and the other 
correction parameters employed in the regression equation.
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we made extensive use of the statistical analysis provided 
by Minitab, such as t-test and variance explained by each 
variable.
Variables which explain only a small fraction of 
the total variance were eliminated from the regression 
equation.
The t-test, which is defined as the ratio of the 
variables's regression coefficient and the standard devia­
tion of the coefficient, also indicates the significance 
of variables.
The t-ratios less than the tabulated ones for the 
same degrees of freedom of the residual indicate that the 
coefficient is not statistically different from zero.
A third valuable test is the plotting of the resid­
ual sum of squares versus one of the variables used.
From table (7.2) it is apparent that the most accu­
rate model for the critical temperature is the procedure 
number 7. In this equation, about 10% of the total sum of 
squares of the regression equation are explained by the 
additional parameters (i.e. Balaban and Randic' indices, 
molecular weight and boiling point), while the rest is 
accounted for by the 38 structural groups. All t-tests 
were significant except for five or six groups. These were 
the groups, whose corresponding compounds present in the 
analysis were relatively small compared to others.
For instance, only the critical properties of ni- 
tromethane (-NO2) are available in the Ambrose (1980) and
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Reid et al (1977) compilations. Obviously, in estimating 
the critical properties of other nitro compounds, the ac­
curacy would be affected.
The Minitab output of the regression analysis for 
the three critical properties is shown in appendix J.
The critical temperature, pressure and volume are 
best predicted by procedures 7, 14 and 17 respectively.
t
[Kfw I - bQ'^biMw + itzBal + bsRan + Y.^f (7.1$)J ,
*  (7.17)Vj -  Co +c, A/to +CjBat+c j/loR + 2,
(-1
Where temperature is in degrees Kelvin, pressure in atmo­
spheres and volume in cm^/kg-mole.
6-r»/Tc-r», Bal, Ran, Ran2 are the generalized Balaban and 
Randic' indices respectively and the coefficients are 
given in table (7.3) below.
Table (7.3): Coefficients of the correla­
tions above
Coef Value Coef Value Coef Value
aO 1.0761 bO 0.23766 cO 34.581
al 0.000136 bl 0.015535 cl 2.6176
a2 0.00187 b2 0.035592 c2 0.556




The contributions of the final groups for each 
property are shown in table (7.4).
In the above correlations, the normal boiling point 
and the molecular weight are only needed as input. The 
generalized Balaban and Randic' indices are generated by 
the Elucidation program to be discussed in the next chap­
ter, while their definitions were reported in detail in 
chapter four.
It should be noted that the normal boiling point is 
vital for the accurate prediction of the critical tempera­
ture, whereas, the molecular weight appeared to improve 
quite significantly the accuracy of the critical pressure. 
Experimental data of the normal boiling point are rela­
tively abundant in the literature. In their absence, it 
can estimated by various methods including the GCM devel­
oped by Kinney (1940).
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Table (7.4): Group contribution values for Tc, Pc and
Vc
No Group j. A y
GDI -0H3 0.07100 0.04925 15.279
002 -0H2- 0.09064 0.04080 15.650
003 >0H- 0.07315 -0.01616 10.156
004 >C< 0.02218 -0.07178 8.370
005 =0H2 0.03891 0.02898 10.238
006 =0H- 0.05725 0.00213 7.112
007 =0< 0.02006 —0.05500 -0.440
008 =0= -0.06314 -0.04505 -0.820
009 *0H 0.04163 -0.02412 2.770
010 5^0 — -0.06632 -0.03606 2.233
Oil -R0H2 0.03246 0.00614 6.209
012 -ROH- 0.08599 0.01284 11.110
013 -R0< 0.09788 -0.00107 2.060
014 =ROH- 0.04221 0.01230 1.272
015 =R0< 0.02188 -0.03567 0.175
016 -OH 0.37588 -0.11205 -12.550
017 -OHO 0.11660 -0.05292 -1.690
018 >0=0 0.08576 -0.14449 -17.160
019 OOOH 0.25336 -0.22751 -37.850
020 0000 0.17442 -0.15383 -35.020
021 0-0-0 0.10209 -0.05611 -29.480
022 P-OH 0.09597 -0,23104 -50.680
023 -F 0.97280 -0.00796 -35.140
024 -01 0.00550 -0.16754 -46.380
025 -fir —0.04408 -0.65610 -144.080
026 -I -0.10447 -0.97640 -242.940
027 -SH -0.03737 -0.11499 -19.610
028 -S- -0.02238 -0.17439 -34.860
029 R—S— -0.09414 -0.22649 -112.610
030 -NH2 0.05485 -0.07552 4.737
031 >NH 0.06935 -0.08505 -4.710
032 >N- 0.07631 -0.09774 -6.100
033 R—0— 0.05143 -0.06637 —36.660
034 R=N- -0.02206 -0.12054 —63.660
035 R=OH- 0.00795 -0.01328 9.171
036 R=0< 0.07700 -0.00888 80.670
037 0*N 0.12313 -0.03563 14.860
038 -N02 0.00612 -0.20584 -47.870
A plot of the residual versus the molecular weight 
(as shown in the Minitab output) shows that most points 
lie on the 0-axis. Points which are far away from this 
axis are either experimentally inaccurate or do not fit
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the proposed model. In some cases, during the course of 
the model development, points which showed higher devia­
tions from the normal pattern were excluded from the anal­
ysis.
Another serious problem encountered during this in­
vestigation is the inaccuracy found in the original exper­
imental data. Most authors do not report the errors asso­
ciated with their experimental results. In our case, this 
fact was more apparent with propanoic acid and p-toludi- 
ene. This is explained in table (7.5).
Table (7.5): Example of experimental data con­
flicts
Compound Source Tc Pc Vc
propanoic acid Ambrose (1980) 
Reid et al (1977) 













Reid et al (1977) 
Calc, by prop. meth.
Ambrose (1980) 
















* : experimental data not available
To justify this, the qualification approach 
suggested by Chase (1984) for the normal boiling point and 
which consists of comparing the property of a given com­
pound with those in the same homologous series was used. 
The approach claims that if for the same molecular weight, 
effective carbon number and chemical structure, when a 
particular property shows a higher deviation from a given
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pattern, it ig theoretically incorrect.
Looking at the above table, p-toluidene shows this 
behaviour when compared with its isomers (m-toluidene and 
p-toluidene).
A note worth mentioning here is that statistical 
significance of the generalized Balaban and Randic' in­
dices in the critical property equations vary significant­
ly with each property. As far as the critical temperature 
is concerned, the Randic' index contribution to the total 
variance is about three times as much as that of Balaban 
index, while for the critical pressure, the latter is 
about seventy times as high as the former and finally for 
the critical volume, the Balaban index does not statisti­
cally explain any variance compared to the Randic' index.
We already know that the Balaban index accounts 
mainly for the distances between the different atoms in 
the molecule, whereas, the Randic' index accounts for the 
total sum of bonds of each atom (see chapter four). This 
may lead us to conclude that both the critical temperature 
and volume are, somehow, dependent on the Randic' index 
and hence on its properties, while the critical pressure, 
is dependent on the Balaban index and therefore its prop­
erties.
These two features could be investigated in the 
future in order to improve our understanding of how the
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the critical properties in particular and other thermody­
namic properties in general depend on the fine structure 
of organic chemicals.
7"6: Sunm&ry
The accuracies of the proposed methods and those 
obtained from literature and evaluated by Klincewicz and 
Reid (1984) are compared in table (7.6). For practically 
the same number of compounds, our methods are more accu­
rate except for the critical temperature, where the Am­
brose's method is only marginally accurate. This is due, 
of course, to the complex form of his equation and the 
many correction parameters involved.
Table (7.6): Comparison of critical properties
correlations
Author Pr AAD APD Nc
Lyderson Tc 8.2 1.4 396
Fedors Tc 15.0 4.0 199
Ambrose Tc 4.3 0.7 398
Klincewicz and 
Reid
Tc 7.5 1.2 398
Procedure 7 Tc 4.4 0.8 353
Lyderson Pc 3.3 8.9 288
Ambrose Pc 1.8 4.7 290
Klincewicz and 
Reid
Pc 3.0 7.8 290
Procedure 14 Pc 1.6 4.0 284
Lyderson Vc 10.0 3.1 205
Ambrose Vc 8.5 2.8 207
Klincewicz and 
Reid
Vc 8.9 2.9 207
Procedure 17 Vc 7.3 2.6 221
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Pr : Property 
AAD : Average absolute deviation 
APD : Average percent deviation 
Nc : Number of compounds
A compqund-by-compound comparison between the pro­
posed method and the experimental data is shown in ap­
pendix E.
The following table summaries the definitions of
the error terms used in the tables.
Table (7.7): Error terms used in the analysis 
Absolute deviations are given in units of quantity test­
ed:
Deviation D -  ”  Q«p
A v e r a g e 1
Bias
Where N = number of data points
Q = quantity tested, e.g. Tc,Pc; 
Tc is in degrees Kelvin,
Pc is in atmospheres,
Vc is in cubic cm^/kg-mole.
Deviations, Percent 
Deviation E~
Average  -  I




Although chemistry is among the oldest sciences 
in existence, relatively little work has been carried 
out on the identification of the chemical names, and 
even less on the computerization of such names.
The first international conference on the nomenclature 
of organic chemistry took place at Geneva in 1892, but 
it was not until 1947, that the extension and revision 
of the nomenclature rules became necessary and since 
then, the IÜPAC has been continuously improving and ex­
tending the scope of its nomenclature IÜPAC (1979).
8-1: Definitions
The following terms are used throughout this 
chapter in accordance with the IÜPAC definitions given 
below:
Systematic name: a name composed wholly of specially 
coined or selected syllables, with or without numerical 
prefixes, e.g. pentane, oxazole.
Trivial name: a name, no part of which, is used in a 
systematic sense, e.g. xanthophyll.
Semi-systematic or semi-triviali a name of which only 
a part is used in a systematic sense, methane (-ane), 
butene (-ene). Most names in organic chemistry belong to 
this class.
"Chemical notation systems can also be classified ac­
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cording to certain qualities of the notation with re­
spect to the compound. If only one notation is possible 
for a given compound, the system is unique, while if 
more than one notation is possible, the system is nonu­
nique. A notation system is unambiguous if it will re­
generate only the original compound and ambiguous if it 
will generate more than one compound" (Jochelson et al, 
1968).
8-2: Introduction
One of the major obstacles which one is faced with 
when computerizing chemical information is that a chemical 
structure may have more than one name. For instance the 
compound JV-c-c//2-CH2-c-at has been referred to not only by 
the structurally descriptive names including butanedini- 
trile, succinonitrile, 1,2-dicyanoethane, but also by
trade names such as Dinile, Deprelin and Suxil.
Referring to this problem Cahan (1974) stated that: 
"In recent decades some attempts have been made to 
bring together the nomenclature of all compounds into a 
coherent, systematic whole, with the subsequent demise of 
many archaic nomenclature terms. However, many such terms 
still persist, as do a number of styles of nomenclature, 
with the result that in general a single chemical struc­
ture may be given a number of different names".
Recently, Rayner (1983) emphasizing on the need for 
better chemical nomenclature indicated that:
"In the past thirty years, a lot of research has
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been carried out on the computerization of chemical infor­
mation, but little effort has been directed towards the 
development of nomenclatures. Chemical Abstracts Services 
(CAS) have undertaken the largest work on its own nomen­
clature, which is derived from the IÜPAC nomenclature but 
has a much rigid and narrow definition to promote the 
successful indexing and retrieval of information via 
names"
8-3: Review q£_ moleQUlür deBcrlytlon systems
There are mainly four categories of molecular de­
scription systems, by which chemical structure and infor­
mation may be represented. These are nomenclatures (e.g. 
IÜPAC), line notation (e.g. WLN), line formula (e.g. 
C2H60), topological representations (e.g. connection ta­
bles). These are briefly reviewed in the following section
8.3,1- Toeolo/ficsl. repreeeatations fTR)
Topological representations give only the topology 
or the connectivity of the molecule and they are widely 
used for storage and retrieval purposes (Lynch et al, 
1971).
The connection tables involve the arbitrary number­
ing of each non-hydrogen atom of a structure and the con­
struction of a columnar description which identifies their 
interconnections. Each atom is considered as a node in a 
graph, each bond as a line or arc. Atoms are usually
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represented by their atomic symbols and bonds by codes 
reflecting their valence order. For instance: orders 1, 2
and 3 refer to single, double and triple bonds respective­
ly. An example of this representation is given below for 
the compound 3-chlorobutanoic acid.
(6)
0
(2 ) 1 (6 )




Atom Atom Connection Bond Atom Atom ConnectionBon
Number Type to atom OrderNumber Number To atom d
Ord
er
1 C 2 1 — — — —
2 C 1 1 1 3 4 1
3 Cl 2 1 - - - -
4 C 2 1 1 5 - -
5 C 4 1 2 6 7 1
6 0 5 2 - - - -
7 0 5 1 - - - -
This sort of connection tables contain redundant 
information leading to a longer machine record than neces­
sary, since all bonds are recorded twice. For example, one 
such proposed method requires (18*18 + 2*18) spaces in
addition to the workspaces in order to represent ethylben- 
zene, while the Wisesser Line Notation requires only 2 
characters (2R) to represent the same compound (Lim, 
1985).
To eliminate this redundancy, generally two con­
ventions are followed. Firstly, in numbering the struc­
1 8 6
ture, once an atom has been numbered, all unnumbered atoms 
directly connected to it are numbered serially. Secondly, 
in the connection table, only connection to lower-numbered 
atoms are cited. Thus, the above table can be described by 









1 C — —
2 C 1 1
3 Cl 2 1
4 C 2 1
5 C 4 1
6 0 5 2
7 0 5 1
Adjacency matrices have also been used to repre­
sent atoms, connections and bond orders.
8-3-2: Linear Notations
These are relatively compact and concise strings of 
symbols designed to describe the topology of a molecule. 
The notation has two distinct advantages:
The first one being economic, in that, most bonds are not 
cited explicitly, but rather implied in the sequences of 
the symbols and the groups of atoms are expressed in fewer 
symbols than there are atoms in the molecule.
The second one being meaningful, in that, ordering rules 
are applied to highlight certain chemically significant 
features of a molecule. Finally, they are free from the 
so-called trivial and non-systematic names. The Dyson and
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WiBwesser notations belong to this category and they have 
been used as early as 1947 when punch-card storing equip­
ment became available. The obvious limitation is that 
their rules are very complex and their consistent appli­
cation involves a cascade of comparisons and decisions 
(Lynch et al, 1971) The Wiswesser line-notation (WLN) em­
ploys only forty symbols.
8-3-3: lUPAC Nomenclature
In the IÜPAC notation, the structure is divided 
into carbon chains, substituents on them, ring systems, 
and hetero-atomic links between them. Each fragment is 
encoded or ciphered separately, and then joined together, 
starting with the most senior unit (i.e. the branch with 
the highest number of carbon atoms). In the case of 
acyclic structures, the longest carbon chain is cited 
first, followed by the most senior branches. Other sub­
stituents, including the oxygen atoms of carboxy groups, 
aldehydes, ketones and alcohols are cited next with appro­
priate locants. Other substructures are cited alphabeti­
cally. Ring systems are categorized by prefixes indicating 
their degree of unsaturation. Each prefix is followed by 
numerals representing the ring size present and numerals 
giving the points of fusion of these rings with one anoth­
er (Lynch et al, 1971),
d-4;. Automation o£. ffroun contribution methods
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In 1960, the AIChE decided to program the best 
properties correlations for digital computer operation, 
but it was eight years later that Jochelson et al (1968) 
automated the correlations based on the group contribution 
methods. Their program used a modified Sussenguth (1964) 
structure-matching algorithm to determine and count the 
relevant functional groups of a molecule whose property is 
to be estimated. They tested their program for the criti­
cal properties and ideal gas functions.
Nearly two decades later, Admas and So (1985) de­
veloped a program which could predict the thermophysical 
properties of pure compounds and mixtures by the group 
contribution methods using only 2-dimensional chemical 
structure as input. The program then examines the error 
behaviour for a series of homologous compounds for criti­
cal properties and densities.
Both methods involve the drawing of the chemical 
structure, numbering of the atoms and setting up of the 
bond-order and atom-type vectors and matrices describing 
the interatomic connections.
In the case of the latter method, an additional 
matrix is required to facilitate the node-to-node search 
to enable the counting of the number of pairs of carbon 
atoms separated by three single carbon-to-carbon bonds 
needed by some correlations. Their limitation is discussed 
below
6-5- Selection of. a. molecular deacrlotion
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Before selecting a molecular description by which 
chemical compounds can be handled, one needs to set a 
compromise between the efficiency of the method and its 
simplicity. Since the program must be user-friendly and 
require the least input information, some of the methods 
described earlier, such as the WLN, were eliminated de­
spite being unique, unambiguous and at the same time eco­
nomical . Others such as connection tables were also
dropped because of the tedious process of entering the 
line-by-line chemical structure especially for long and 
complex molecules.
Another important fact which must be borne in mind 
is that until now there is no set of fragments which are
accepted and adhered to by those who develop group contri­
butions methods and for this reason, the program must be 
designed to automatically divide the molecule into the
corresponding fragments required by each property and thus 
avoiding the possibility of fragmenting the molecules into 
different sets of fragments, which would cause intolerable 
errors.
Taking into considerations all these requirements, 
the IÜPAC nomenclature has been selected as the most suit­
able form of molecular description. Thus, an algorithm 
which translates the IÜPAC name into its topological de­
scription has been implemented on the IBM AT using the
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Borland Turbo Basic compiler. The compiler provides ex­
cellent facilities for both string and numerical opera­
tions .
The translation program can be regarded as an un­
usual form of compiler program. A successful translation 
produces a connection table (CT) which is then used to 
generate the appropriate fragments and to calculate the 
different structural parameters.
If any information in the name is not recognized by 
the program or any part of the name is found to be ambigu­
ous, impossible, or inconsistent, the translation fails; 
the name is then rejected and an appropriate diagnostic is 
printed, i.e an attempt is made to find the nodes in the 
compound graph which correspond to the nodes of the prede­
termined groups (see table (8.2). Only when all of the 
query nodes have been so identified in a one-to-one corre­
spondence has the algorithm proved the presence of the 
query group in the compound in question.
PrQ c^ram description
The original program was implemented on an AppleII+ 
computer using the Microsoft Basic Interpreter (Lim, 
1985).
The present algorithm has been changed totally, as 
it has been rewritten into a main program and a set a 
subroutines, each performing a specific operation. This 
structuring permits future modifications and enhance-
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mente. The calculations of structural parameters such as 
Wiener number do no longer involve the matrix multipli­
cations except for the Polar number where the adjacency 
matrix is raised to the power of three. Although the cor­
relations developed in this work do not involve this index 
at all.
Another improvement on the original program is that 
all subprograms which were designed as stand-alone pro­
grams have all been combined into a single well-struc­
tured program, capable of processing most of the compounds 
of interest to the chemical engineer.
A third improvement is the extension and applicati­
on of structural parameters for cyclic and aromatic com­
pounds, which were not not take into account by the origi­
nal program.
Finally, a simple algorithm, which is thirty times 
faster than the matrix multiplication method has been in­
troduced to calculate the distance matrix needed for the 
computation of some topological indices.
The program can translate the names of most classes 
of compounds which appear in table (8.1).
Table (6.1): List of classes of 
compounds which the program can process 
their names.
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Although the lUPAC nomenclature still endures 
many of the trivial names and that most of the names in 
the organic chemistry are composed of semi-systematic 
and semi-trivial names, the program has been devised 
to accept only systematic names. For example propene is 
a valid name in IÜPAC nomenclature, however the program 
would reject it because the location of the double bond 
must be specified to enable the deduction of the frag­
ments, whereas for a chemist, the double bond is by 
convention connected to the atom at the end of the 
propene chain.
Another modification to the IÜPAC nomenclature is 
the way by which ethers and esters are named. Under 
IÜPAC rules, an ether is named by giving the names of 
the two groups R and R' in the (R-O-R') structure in 
alphabetic order and appending ether as a third word.
193
For example, methyl ethyl ether (C-O-C-C), while 
in this work, it is referred to as 2-oxybutane in line 
with the IÜPAC naming of thiaalkanes (e.g. C-S-C-C is 
2-thiabutane) with the convention that the atoms of the 
smallest group are numbered first.
The prefix oxy is also used by the Chemical Ab­
stracts for naming ethers; the above compound is re­
ferred to as methoxyethane.
The IÜPAC name of esters consists of the name of 
the alcohol group as the first word followed by the name 
of the carboxylate anion. For example, CH3CH2-C-0-CH3 is 
called methyl propanoate, while in this work it is re­
ferred to as 3-acetopentane, with the numbering convention 
as given above.
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A final minor modification is that the Basic com­
piler interprets a comma as the end of an input and for 
this reason, the commas found in the IÜPAC name must be 
converted to hyphens before being processed.
These modifications are devised to optimize the 
program length.
The program consists of a main program and a set 
of fifteen subroutines. Flowcharts describing these 
subroutines are shown at the end of this chapter. The 
program prompts the user for the systematic name of the 
compound. It then processes the name from right to left.
The program searches for keywords in the IÜPAC 
name in order to determine the class number of the com­
pound and its nature. For all sorts of compounds, the 
program recognizes the size of the compound from its 
parent name (e.g. meth, eth ...) and then it proceeds to 
process any substitutions or heteroatoms except for the 
case of benzenes and phenols, where the size is by con­
vention a six-ring structure.
The information about the compound is stored as 
before in two matrices, the first reflects the relative 
positions of the nodes in the structure in the form of a 
class number and the second assigns an arbitrary number 
to each node. The adjacency matrix is then set up by 
calling the routine ADJ and the bond matrix is generated 
by the routine BOND whose purpose is to check that each 
atom is within the valence requirements. If the compound
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is not a hydrocarbon, both routines are called twice to 
include the heteroatom/s in the adjacency and bond ma­
trices; since the program interprets a functional group 
as a simple atom. At this stage, the program checks that 
the positions of the heteroatoms on the parent chain 
are correct. For example, initially the program does not 
reject the name 3-butanoic acid, while in fact, the 
carboxylic group must always be at either ends of the 
chain. Thus, if the appropriate location is not correct­
ly specified, the program rejects the name.
The program, then calls the FRAG routine to di­
vide the molecule into the appropriate functional 
groups.
To identify the presence or absence of a fragment 
in the chemical structure, a one-dimensional vector is 
extracted from the class number matrix to represent the 
node number and another vector is required to represent 
the fragment number of that particular node. Table (8.2) 
shows the fragment number, the functional group it cor­
responds to and the properties that distinguish it from 
other fragments. Depending on the node number, the sub­
routine FRAG is called once for each node. Its purpose 
is to assure that the node in question with its proper­
ties (i.e. class number, number and types of atoms con­
nected to it) correspond to any of the fragments found 
in the program. The process is then repeated for all 
nodes
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Finally, it checks for conjugate corrections and 
calls the BAL routine to calculate the Wiener, Polar, 
generalized Balaban and Randic' indices.
The methods of calculating these parameters have 
been described in detail in chapter four.
Table (8.2): Functional groups
FRAG. FRAGS. CLASS NO. OF ATOMS NO. OF ATOMS
Number TYPES NO. 1 BOND APART 2 BONDS APART
1 -CH3 1 1
2 -CH2- 1 2 -
3 >CH- 1 3 -
4 >C< 1 4 2
5 =CH2 2 1 -
6 =CH- 2 2 -
7 =C< 2 3 -
8 =C= 2 2 -
9 *CH 3 1 -
10 *c- 3 2 -
11 -CHO 4 - -
12 >C=0 5 - -
13 -OH(P) 6 - 1*
14 -OH(S) 6 - 2*
15 -OH(T) 6 - 3*
16 -SH 7 - - -
17 -F(P) 8 - 1*
18 -F(Sj 8 - 2*
19 -F(T) 8 - 3*
20 -CL(P) 9 - 1*
21 -CL(S) 9 - 2*
22 -CL(T) 9 - 3*
23 -BR(P) 10 - 1*
24 -BR(S) 10 - 2*
25 -BR(T) 10 - 3*
26 -I(P) 11 - 1*
27 -I(S) 11 - 2*
28 -I(T) 11 - 3*
29 -S- 12 - -
30 — S—S— 12 - -
31 -COOH 13 - -
32 -C*N 14 1 -
33 -C-NH2 15 1 -
34 -C-N02 16 1 -
35 -COOC— 17 - -
36 C—0—c 18 - -
37 >RCH2 1 2 -
38 >RCH- 1 3 -
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39 >RC< 1 4 -
40 =ACH- 1 2 -
41 =AC< 1 3 -
ered.
* : means only connection to C atoms is consid-
8-5-2: Proirram tGatina
The following two examples illustrate anonated 
outputs from the program for both acyclic and cyclic 
compounds.
Comments which appear at different stages of the 
output are meant to clarify the end-results.
The comments are highlighted in bold.
C C 
1 1











! School of Chemical Engineering
! University of Bath
! By : M. Guidoum
Select a key:
R: Run the elucidation program 
H: For help 
E: Back to Turbo Menu 
R
INPUT COMPOUND NAME 
4-BROMO-3-CHLORO-3-4-DIMETHYL-1-BUTENE
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Testing for CIS . . .
Testing for TRANS ....
TRANS assumed
Testing for suffix ACID ....
Testing for suffix BENZENE ....
Testing for suffix PHENOL ....
Not found
Searching for homologous series ....
Normal apliphatic not found 
ENE found
Searching for the nature of the parent (ring/acyclic) 
Acyclic assumed
Testing for prefixes to ENE, YNE and OL ....
Not found
Searching for main chain size ....
BUT found
Updating matrices C% and D% ....
Elements of C% are either zero or an integer describing 
the 'Class number' of the node in question.
Elements of D% are either zero or a unique integer given 
to every node in the chemical structure.
C% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 Q 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
D% becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 ' 0 0 4 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Searching for positions of heteroatoms, substituents or 
double/triple bonds . .
NOW IN SU2 
IN SU2 A= 1
Position 1 found
Identifying the type of substituents ....
NOW IN SU5
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Double bond found 
Searching for positions of heteroatoms, substituents or 
double/triple bonds ...
NOW IN SÜ2 
IN S02 A= 4
Position 4 found
Updating the matrices C% and D% ....
NOW IN SU7, C% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
In SU7 D% becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 0 4 5 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Searching for positions of heteroatoms, substituents or 
double/triple bonds ...
NOW IN SÜ2 
IN SU2 A= 3
Position 3 found
Updating the matrices C% and D% ....
NOW IN SÜ7, C% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
In SD7 D% becomes
0 0 0 0 0 0 0 1 0 0
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0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 6 0
0 0 0 0 0 0 0 4 5 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Identifying the type of substituents ....
NOW IN SÜ5 
Methyl group found
Searching for positions of heteroatoms, substituents or 
double/triple bonds ...
NOW IN SD2 
IN SÜ2 A= 3
Position 3 found
Updating the C% matrix for non-hydrocarbons ....
NOW IN SU3, 0% becomes
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 9 1 1 0
0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Updating the D% matrix for n<
NOW :IN SÜ4, D% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 7 3 8 0
0 0 0 0 0 0 0 4 5 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Identifying the type of substituents  __
NOW IN S05 
Chloro found
Searching for positions of heteroatoms, substituents or 
double/triple bonds ...
NOW IN SÜ2 
IN SÜ2 A= 4
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Position 4 found
Updating the CX matrix for non-hydrocarbons
NOW IN SÜ3, C% becomes
0 0 0 0 0 0 0 2 0 0  
0 0 0 0 0 0 0 1 0 0  
0 0 0 0 0 0 9 1 1 0  
0 0 0 0 0 0 0 1 1 0  
0 0 0 0 0 0 0  10 0 0  
0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 - 0  0 0 0 0  
0 0 0 0 0 0 0 0 0 0
Updating the D% matrix for non-hydrocarbons
NOW IN SÜ4, D% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 7 3 6 0
0 0 0 0 0 0 0 4 5 0
0 0 0 0 0 0 0 8 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
LA= 5 LB= 4 LC= 4 Ml= 7 M2= 9 Nl= 1 N0= 1
Class Ids Matrix
0 0 0 9 0 0
0 2 1 1 1 10
0 0 0 1 1 0
Node Ids Matrix
0 0 0 7 0 0
0 1 2 3 4 8
0 0 0 6 5 0
Setting up the adjacency matrix ....
NOW IN ADJ
CONNECTION MATRIX
0 1 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 1 0 1 0 1 1 0
0 0 1 0 1 0 0 1
0 0 0 1 0 0 0 0
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0 0 1 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
Identifying the types of atoms











Verifying the valence requirements and setting up the bond 
matrix ....




















Setting up the modified adjacency matrix
NOW IN ADJ 
Adjacency Matrix
0 1 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 1 0 1 0 1 1 0
0 0 1 0 1 0 0 1
0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
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Checking for conjugate corrections 
CONJUGATE CORRECTION IS 4.5









Printing the structural parameters
Balaban index is 4.6198 
Randic' index is 4.4558 
Wiener number : Normal is 84
35.2940
Polar number 2: Normal is 6
4
Polar number 3: Normal is 5
4
Select a key:
R: Run the elucidation program 
H: For help 
















School of Chemical Engineering 
University of Bath 
By : M. Guidoum
Select a key:
R; Run the elucidation program
H: For help




Testing for CIS ....
Testing for TRANS ....
TRANS assumed
Testing for suffix ACID ....
Testing for suffix BENZENE ....
Testing for suffix PHENOL ....
Not found
Searching for homologous series ....
Normal apliphatic not found 
OL found
Testing for prefixes to ENE, YNE and OL ....
Not found
Searching for main chain size ....
PENT found
Searching for the nature of the parent (ring/acyclic) .... 
CYCLO found.
Updating matrices C% and D% ....
Elements of C% are either zero or an integer describing 
the 'Class number' of the node in question.
Elements of D% are either zero or a unique integer given 
to every node in the chemical structure.
c% Becomes
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
D% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 0 4 0 0
0 0 0 0 0 0 0 5 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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NOW IN SÜ2 
IN SU2 A= 1
Position 1 found
Identifying the type of substituents 
NOW IN SÜ5
NOW IN SÜ2 
IN SD2 A= 4
Position 4 found
identifying the type of substituents
NOW IN SÜ7, C% Becomes
0 0 0 0 0 0 0 6 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 1 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
NOW IN SÜ7, D% Becomes
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 0 4 6 0
0 0 0 0 0 0 0 5 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
NOW IN SÜ2 
IN SÜ2 A= 3
Position 3 found
NOW IN SÜ7, C% Becomes
0 0 0 0 0 0 0 6 0 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 20 1 0
0 0 0 0 0 0 0 20 1 0
0 0 0 0 0 0 0 20 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
NOW IN SU7, D% Becomes
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0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 3 7 0
0 0 0 0 0 0 0 4 6 0
0 0 0 0 0 0 0 5 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Class Ids Matrix
Q 0 0 0 0 0
0 6 20 20 20 20
0 0 0 1 1 0
Node Ids Matrix
0 0 0 0 0 0
0 1 2 3 4 5
0 0 0 7 6 0
Setting up the adjacency matrix .. 
NOW IN ADJ
Connection Matrix
Identifying the types of atoms ....










Verifying the valence requirements and setting up the bond 
matrix ....














Setting up the adjacency matrix 
NOW IN ADJ 
Connection Matrix
0 1 0 0 1 0 0 1
1 0 1 0 0 0 0 0
0 1 0 1 0 0 1 0
0 0 1 0 1 1 0 0
1 0 0 1 0 0 0 0
0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
1 0 0 0 0 0 0 0



































Setting up the final distance matrix 
NOW IN ADJ 
Distance Matrix
0 1 0 0 1 0 0
1 0 1 0 0 0 0
0 1 0 1 0 0 1
0 0 1 0 1 1 0
1 0 0 1 0 0 0
0 0 0 1 0 0 0
0 0 1 0 0 0 0







Checking for conjugate corrections ... 
Conjugate Correction Is 0
Setting up the bond matrix ....
Bond Matrix
printing the structural parameters
Balaban index is 2.4432 
Randic' index is 3.7877 
Wiener number : Normal 
28.7600
Polar number 2: Normal is 
Polar number 3 : Normal is










The following have been investigated:
i- A review of the current topological indices and the 
selection of suitable ones capable of a high degree of 
discrimination.
ii- The estimation of liquid heat capacity of organic 
compounds as a function of temperature and at constant 
pressure.
iii- The deduction of the parameters of the MRKS equation 
of state from molecular structure.
vi- The development of models for predicting the critical 
properties of organic compounds.
V- The development of a computer program for structure 
elucidation.
9-1 Review oZ. topoloé^ieel indicée.
One of the most obvious disadvantages of the group 
contribution methods (GCM) is the Inability to discrimi­
nate between isomeric compounds having identical and equal 
number of structural groups. Many authors attempted to 
overcome this problem, but, only ad hoc corrections were 
suggested. One example being the number of carbon atoms 
that are 3-bond apart in the case of acyclics and ring 
corrections for cyclics.
Of the tens of topological indices proposed in the 
last two decades, only the Balaban index proved to be
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highly successful in distinguishing between chemical 
graphs. This index has been generalized by Barysz et al 
(1983) in order to be able to discriminate between hetero­
geneous compounds. Also, since the original Randic' index 
has been proved to be a very useful correlating parameter, 
especially, with properties which are roughly additive, it 
was decided to generalize it in this work and thus over­
coming the shortcomings of recent attempts of its general­
ization.
The power of discrimination of the generalized Bal­
aban and Randic' indices may be appreciated (chapter sev­
en), when 360 compounds were used in the development of 
models for predicting the critical properties. Of this 
number, only four compounds have an identical Balaban 
index, while their respective Randic' indices are differ­
ent. In other words, when one index fails to discriminate 
between two isomers, the second index will generally work.
Another enhancement to this approach is the intro­
duction of an algorithm which is thirty times faster than 
the traditional matrix multiplication method.
During the course of this work, some topological 
indices (such as Polarity number) were statistically sig­
nificant in some cases. However, their respective degener­
acy were very high and therefore they were not used. Only 
indices with high discriminating power were included in 
the multiple regression analysis.
Estimation o£. liq u id  beat caDaoltv
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Experimental data on liquid heat capacity of organ­
ic compounds were collected from the literature. In fact, 
a database containing about 5000 independent data points 
for 460 compounds was used to develop a model based on the 
group contribution methods and which accounts for isomeric 
variations through the introduction of the generalized 
Balaban and Randic' indices. An attempt was made to use 
the common sets of fragments which have been selected at 
the University of Bath (Lim, 1985).
Since more than 12% of the compounds possess more 
than one data set, two data qualification approaches 
suggested by Chase (1984) and Liley (1980) for validating 
experimental data have been used. Once inconsistencies 
were eliminated, the compounds were divided into classes 
of homologous series.
The raw data were managed by MRDS (relational 
database management system) and thus avoiding the tradi­
tional handling of data files scattered here and there in 
one's directory.
Data can be accessed via compound identifier (a 
unique number representing a particular compound) or by 
compound name or by class name.
A menu-driven software was written to interface the 
database with Minitab statistical package, a graphics pro­
gram and the application program.
As far as the model is concerned, the theory does 
not give any particular form, however, liquid heat capaci­
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ty can be accurately represented by a polynomial form. 
Thus, the Minitab regression facility was used to deter­
mine the optimum contributions of the functional groups 
and structural parameters [equation (5.10)]. Thus elimi­
nates the tedious method of estimating the group values at 
specified temperatures and then using the regression anal­
ysis to determine the different group contributions.
The inclusion of the Balaban index as a correction 
term resulted in 25-40% average decrease in the standard 
deviation and hence improved significantly the accuracy of 
the model. For fluorobenzenes and esters the standard de­
viation decreased by 80%.
Only the original Randic' index has been used in 
the estimation of the liquid heat capacity, for, the gen­
eralized version was developed much later. It would have 
contributed as much as the Balaban index.
A set of 41 functional groups has been obtained 
using 3011 independent data points from 27 different 
classes composed of 245 compounds. The average absolute 
error was 0.66 cal/mol-K, which is, much less than the 1 
cal/mol-K required by the industry.
Practically, heat capacity of most organic com­
pounds of interest to the chemical engineer may be esti­
mated by the proposed method with the exception of hetero­
cyclic oxygen, nitrogen and sulphur compounds, for which 
little experimental data exist.
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9-3: Deduction of the Dsrsmeters q£_ ih£L MEKS. equation. Of- 
ststG JjL terme q£_ the molecular structure
The initial intention was to relate the parameters
of a simple cubic equation of state (such as van der
Waals, Redlich-Kwong) to the functional groups and molecu­
lar structural parameters. However, during the investiga­
tion and study of a number of papers and reviews about
cubic equations of state, it was found that any 2-parame­
ter equation of state can only predict vapor-liquid equi­
libria of the non-polar compounds while, it fails to pre­
dict the saturated liquid density unless a third parameter 
is added. Some attempts were made to make both the parame­
ters a and b temperature-dependent, meanwhile, when one 
such equation was tested for other thermodynamic proper­
ties it showed unrealistic values. For instance, one such 
equation (6.6.1) produced negative heat capacity.
Therefore, it was decided to examine recent devel­
opments in liquid theory with the hope of finding a simple 
and reasonable theoretical model on which the group con­
tribution method could be based. The summary of this in­
vestigation is found in sections (6.4) and (6.5).
The first approach is based on the Guggenheim 
(1952) theory of liquids and the second one is derived 
from statistical mechanics.
After extensive literature survey, it was decided to aban­
don the Guggenheim theory due to the many inconsistencies 
recently revealed by various authors. Even the one-time
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successful activity coefficient models (ÜNIFAC, ASOG, NRTL 
etc ..) are today under severe criticism.
Models derived from statistical mechanics are still 
premature but they hold promising advantages. However, 
most of them are based on crude approximations and assump­
tions and inherit some unknowns (such as the intermolecu- 
lar potentialj radial distribution function and free vol­
ume ...) which cannot be obtained except by molecular 
simulation. Meanwhile, in the near future, when more com­
puter simulation data become available, the configura­
tional partition function can be calculated. All thermody­
namic properties can be derived from this function. An 
equation of state which can represent PVT behaviour of 
pure compounds and vapor-liquid equilibria over, wide tem­
perature and density ranges without changing its form, 
will be one of the fruits of this theory. For this reason, 
this approach was not carried out any further.
Since recent studies focusing on cubic equations of 
state have shown that practically similar results can be 
obtained by different equations of state, despite their 
differences in representing pure component properties and 
some of these results may be even comparable with more 
complex equations, it was decided to study the modified 
Redlich-Kwong-Soave (MRKS) proposed by Grobaski and 
Daubert (1978) as it is applicable from the triple point 
to the critical point and many simulation packages use it.
In order to relate the parameters a and b of the
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MRKS equation of state, several attempts were made, 
suggesting different estimation procedures and different 
relationships (see section (6.7)).
First, by proposing empirical relationships between 
the parameters a and b and the functional groups, the BMDP 
statistical package non-linear regression program was used 
to estimate the parameters of equations (6.7.8) and 
(6.7.9) using the vapor pressure data and either the satu­
rated vapor or liquid density data. In the first case, 
both the vapor pressure and the vapor density were repro­
duced accurately. However, the liquid density was largely 
overestimated, mainly, because the constant b becomes neg­
ative, which is, physically incorrect. In the second case, 
when the liquid density calculated by the modified Rackett 
equation, was used together with the vapor pressure, the 
procedure resulted in negative vapor pressure and hence it 
was abandoned.
As a third test, the first procedure was repeated and this 
time, constraints were imposed on parameters Pi and Pz to 
keep b positive. This resulted in very high error in vapor 
pressure.
When the above procedures could not yield reason­
able results, the parameters a(T) and b of equation 
(6.6.3) were calculated from the original EOS. To minimize 
the sum of squares of equation (6.7.10), both the BMDP 
non-linear regression program and the NAG subroutine 
(E04FDF) were used. However, after many trials the solu­
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tion did not converge to the global minimum. Following 
these difficulties and the time limitation, it was decided 
to use a linear model and the transformation proposed in 
equations (6.7.11) and (6.7.12). Although, the new trans­
formed parameters (ai/3 and b®/4 ) can be reproduced with 
an average relative deviation of 1.08 % and 2.24 % respec­
tively, the resulting errors in the original parameters a 
and b would have high magnitude. In fact, the errors in a 
and b will propagate by powers of 3 and 1.3 respectively. 
For this reason, the new equation of state is less accu­
rate then the original MRKS. The errors are generally 2 to 
3 times higher than those obtained by MRKS and it was, in 
only few cases, that the new equation was more accurate.
The new equation of state may be made as or more 
accurate than the original MRKS if the parameters are 
directly obtained from equation (6.7.7). There is hardly 
any method in the literature for estimating the parameters 
of equation of state, other than the traditional way of 
calculating the parameters at the critical point and using 
the vapor pressure data to estimate the temperature-depen­
dent parameter usually in terms of acentric factor and 
reduced temperature.
However, some suggestions have been proposed recently 
[Munoz et al (1983)^ , Rubio et al (1983), Oellrich et al 
(1978), Kubic (1986)].
The parameters of the equation of state may be estimated 
by a multiproperty regression analysis of PVT, vapor pres­
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sure and enthalpy (or liquid density) subject to con­
straints at the critical point and the saturation enve­
lope. Non-linear regression based on the maximum likeli­
hood principle have also been tried. Thus, a more accurate 
cubic equation of state can be obtained along these lines 
and it is only the lack of time which prevented the under­
taking of such a work.
9-4z Prediction of critical nroT>ert±G8
One of the problems which always faces thermophysi­
cal properties researcher is the lack of experimental 
data. The other problem is that of inconsistencies found 
between the different data sets. For instance, during the 
development of a model for the critical properties of 
organic compounds, differences between experimental data 
of some compounds found in [Ambrose (1980) and Reid et al 
(1977)], their isomers and the calculated values by the 
proposed method amount to lOK and even reached 30K for the 
case of p-toluidene (see table (7.6)).
In developing the new models, several procedures 
and different correlational forms have been tested (see 
table (7.7)) and an extensive error analysis was made for 
each procedure. Correlations with the least standard devi­
ations and higher correlation coefficients were chosen. 
The optimum group contributions were obtained by regres­
sion analysis using the Minitab package.
A set of 38 factional groups have been deducted 
compared to Ambrose's 51 structural groups and correc­
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tions. All models are more accurate than any method re­
ported in the literature with the exception of the criti­
cal temperature, which is only slightly less accurate than 
Ambrose's, although the same raw data were used. The pro­
posed methods enable the estimation of the critical tem­
perature, pressure and volume with average relative devia­
tions of 0.8, 4 and 2.6 percent respectively. The isomeric 
variations, which previous methods failed to take into 
account, are here expressed by the generalized Balaban and 
Randic' indices.
9-5: Xhe structure elucldatioii proErom
The elucidation program is re-written in Borland's 
Turbo Basic and in a structured manner to allow future 
modifications and enhancements. The old stand-alone pro­
grams have been combined into a main program with a set of 
subroutines, each of which, performs a specific duty. It 
has also been extended to calculate the structural parame­
ters of cyclic and aromatic compounds, which the original 
programs did not take into account.
The program processes the IÜPAC systematic name of 
a compound from right to left in order to determine the
nature and the number of each structural group in the
molecule and to calculate the topological indices such as 
the generalized Balaban and Randic', Wiener and Polar in­
dices. To recognize a fragment, the program compares the
characteristics of each node in the chemical graph with 
those of predetermined groups as shown in table (8.2). The
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different classes of compounds which can be handled by the 
program are shown in table (8.1).
Few minor modifications in IDPAC nomenclature were 
made due to either the nature of the Basic language or to 
the requirements of the program itself.
i- The comma in the namestring of a compound must be 
changed to a hyphen, for the comma is interpreted as an 
end of input by the compiler.
ii- Ethers which are named in IÜPAC by giving the names 
of the two groups R and R' in (R-O-R') structure and 
appending ether as a third word are now referred to as 
(oxy-alkane). For example, ethyl methyl ether is just
2-oxybutane with the convention that the smallest alkyl 
group is numbered first. The same analogy applies to es­
ters (see section (8.5.1)).
At the present time, the program cannot handle
highly branched and multiple ring structures; since most
organic compounds encountered in this work can be repre­
sented by 2-D arrays. These can be incorporated in the
future by using 3-D arrays to represent the molecular
structure.
9-6: Imp2ementation
The availability of low-cost microcomputers in re­
cent years has created new opportunities for computer-aid­
ed design and teaching. Even software from the public 
domain may sometimes prove very useful. One such example 
is the relational database management system called
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PC-FILE, which, can accommodate up to 65,000 records and 
is six times faster than the popular dBase3+i
Therefore the proposed group contribution methods 
proposed in this work and those which have been developed 
in the school of Chemical Engineering at the University of 
Bath (Lim, 1985) can be efficiently managed by PC-FILE.
The suggested implementation of the different programs is 
shown below:
LOTUS 123 4 CHEMCAD






Once the group values of the different meth­
ods are stored in the database, the access to the 
property data becomes easy.
For example, when a user wants to search for a 
given property of a particular compound, he would
run the 'STRUCTURE' program to find out the corre­
sponding functional groups and structural parame­
ters. Through these groups, the appropriate values
are retrieved from the database. He would then have 
many options to make use of this values.
The values can be loaded to the Lotus 123 spread­
sheet, or serve as input to the 'PROPERTY PREDIC-
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TION' program or other application programs or even 
to CHEMCAD simulation in case when the necessary 
data of a compound does not exist in the CHEMCAD 
databank.
This approach will avoid the unnecessary 
storage of all group contribution values in data 
statements within property prediction subroutines 
or in a disk or EPROM.
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Appendix £l
References far liquid hfinf. capacity data 
of organic compounds
FN Compound name Reference S ND Unit 0 T .range
U C06 oxamide r02—10—338“65 1 11 c/mk 1 100-300
C08 l"_8“diMnaphthalene r05-9-937-77 1 11 c/mk 1 340-440
23 COB 2_6-diMnaphthalene r05-9-937-77 1 6 c/mk 1 390-440
.24 COB 2_7-diMnaphthalene r05-9-937-77 1 4 c/mk 1 370-440
J5 COB 2_Wnaphthalene r03-61-1105-57 1 10 c/mk 1 310-400
‘26 COB anthracene r03-74-2538-70 1 2 c/mk 1 488-500
.32 COB hexaMbenzene r03-69-3126-65 1 21 c/mk 1 125-340
(3Î COB naphthalene r03-61-1105-57 1 2 c/mk 1 360-370
38 COB o_terphenyl r35 1 11 c/mk 1 175-325
.39 COB p_terphenyl r35 1 6 c/mk 1 225-350
ao COB pentaMbenzene r03—37—253—33 1 6 c/mk 1 340-390
[38 COB l_2__3_4-TEhydronaphthalene r03-61-1105-57 1 11 c/mk 1 240-340
51 Cll 2-M-2-propanol r03-87-2575-63 1 5 c/mk 1 280-330
12 Cll phenol r28—59—830—63 1 5 c/mk 314-335
k Cll phenol r36—p8 2 10 c/mk 1 314-400
13 Cll Tphenyl.carbinoL rOl—53—3656—31 1 4 c/mk 259-298
[2 C14 diphenyl.ether rOl-75-522-53 1 27 c/mk 1 300-574
tiO C15 diMmaloniTle r03-71-1208-67 1 6 c/mk 1 305-350
12 C15 malononitirle r02-13-239-68 1 3 c/mk 1 114-320
(6 C15 succinoniTle r03-67-2376-63 1 3 c/mk 1 335-350
i59 CIS propylamine r05-4-359-72 1 16 c/mk 1 190-340
i C16 Tethyldiamine r03-67-2381-63 1 3 c/mk 1 432-450
58 C17 diMsulphoxide r03-74-1309-70 1 3 c/mk 1 298-350
258 CIB l_3_4-TCH-2_4_6-TFbenzene r06-69-871-73 1 3 c/mk 1 335-350
59 CIB l_3^5-TCH-2_4_6-TFbenzene r06-69-871-73 1 3 c/mk 1 335-350
129 CIB hexaCHbenzene r03-62-958-58 1 16 c/mk 1 150-300
iS CIB pentaFphenol r29-2357-68 1 8 c/mk 1 310-380
'47 CIB perCHphenol r03—62—958—58 1 16 c/mk 1 150-300
34 CIB TEMammonium.bromide r04-36-2420-62 1 13 c/mk 1 190-350
'35 CIB TEMammonium.chloride r04-36-2420-62 1 13 c/mk 1 190-350
J CIB TEMammonium.hydrogen r04—36—2420—62 1 13 c/mk 1 190-350
13 C19 succinic.acid r05-02-867-70 2 24 c/mk 1 90-320
13 C19 succinic.acid r53-06-132-54 1 8 c/gk 1 233-303
57 C19 1-isoleucine r03-67-1128-63 1 12 c/mk 1 200-310
58 C19 1-leucine r03-67-1128-63 1 12 c/mk 1 200-310
[59 C19 1-valine r03-67-1128-63 1 12 c/mk 1 200-310
:57 C20 fluorene r03-67-2701-63 1 6 c/mk 1 55-80c
50 C20 l_l_l-Tphenylethane rOl-53-3644-31 1 13 c/mk 184-345
31 020 l_2-diphenylethane rOl-53-3644-31 1 9 c/mk 184-296
38 C20 acenaphthene r05-9-937-77 1 8 c/mk 1 370-440
30 C20 diphenylethyne rOl-53-3644-31 1 8 c/mk 310-345
86 020 fluorene r05-9-937-77 1 6 c/mk 1 390-440
37 020 Fanthene r05—3—105 —71 1 5 c/mk 1 383-420
39 020 phenanthrene r05-9-937-77 1 6 c/mk 1 372-420
51 020 purene r05-3—105—71 1 7 c/mk 1 420-480
5 020 TEphenylmethane rOl-53-3644-31 1 4 c/mk 0 310-345
58 020 Tphenylene r05-03-105-71 1 4 c/mk 1 471-500
20 020 biphenyl tim2.pl27 1 7 c/gk 0 273-373
32 024 b-naphthol r54-06-375-53 1 2 c/gk 0 298-394
1 ZOl methane rOl-52-622-30 1 23 c/mk 0 95-188
51 ZOl methane r03-65-362-61 2 9 c/mk 0 114-187
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ZOl ethane rOl-52-611-30 2 14 c/mk 0 96-182
ZOl ethane rOl-59-273-37 1 10 c/mk 1 90-180
ZOl propane rOl-60-1521-38 1 15 c/mk 1 90-230
ZOl n-butane rOl—62—1917—40 1 14 c/mk 1 140-270
ZOl n-pentane r02-12-338-67 1 16 c/mk 1 150-300
ZOl n-hexane rOl-68-1704-46 2 13 c/mk 1 180-300
ZOl n-hexane r02-12-338-67 1 13 c/mk 1 180-300
ZOl n-heptane r02-12-338-67 1 19 c/mk 1 190-370
ZOl n-heptane r03-65-495-61 2 20 c/mk 1 182-370
ZOl n-octane rOl—76—333—54 3 9 c/mk 1 220-300
ZOl n-octane r02-12-338-67 1 9 c/mk 1 220-300
ZOl n-octane rl2-43-946-51 2 13 c/mk 0 299-366
ZOl n-nonane rOl-76-333-54 2 11 c/mk 1 220-320
ZOl n-nonane r02-12-338-67 1 11 c/mk 1 220-320
ZOl n-decane rOl-76-333-54 2 8 c/mk 1 250-320
ZOl n-decane r02-12-338-67 1 8 c/mk 1 250-320
ZOl n-undecane rOl-76-333-54 2 7 c/mk 1 250-300
ZOl n-undecane r02-12-338-67 1 7 c/mk 1 250-310
ZOl. n-dodecane rOl-76-333-54 2 7 c/mk 1 270-320
ZOl n-dodecane r02-12-338-67 1 6 c/mk 1 270-320
ZOl n-Tdecane rOl-76-333-54 2 5 c/mk 1 270-310
ZOl n-Tdecane r02-12-338-67 1 5 c/mk 1 270-310
ZOl n-TEdecane rOl-76-333-54 2 3 c/mk 1 280-300
ZOl n-TEdecane r02-12-338-67 1 3 c/mk 1 280-300
ZOl n-pentadecane rOl-76-333-54 2 3 c/mk 1 290-310
ZOl n-pentadecane r02-12-338-67 1 3 c/mk 1 290-310
ZOl n-hexadecane rOl-76-333-54 2 3 c/mk 1 300-320
ZOl n-hexadecane r02-12-338-67 1 3 c/mk 1 300-320
ZOl n-hexadecane r05-6-1139-74 3 14 c/mk 1 310-471
ZOl n-heptadecane r02-12-338-67 1 10 c/mk 1 300-390
ZOl n-octadecane r02-12-338-67 1 8 c/mk 1 310-380
Z02 2-Mpentane rOl—68—1704—46 2 19 c/mk 1 120-300
Z02 2-Mpentane r05-3-675-71 1 20 c/mk 1 120-310
Z02 2-Mbutane rOl-65-1139-43 1 16 c/mk 1 120-270
Z02 2-Mbutane r05-3-105-71 2 19 c/mk 2 120-300
Z02 2-Mdecane r03—65 — 495—61 1 17 c/mk 1 230-390
Z02 2-Mheptane r05-3-675-71 1 21 c/mk 1 170-370
Z02 2-Mhexane rOl-52-4381-30 2 12 c/mk 1 160-292
Z02 2-Mhexane r05—3“675—71 1 15 c/mk 1 160-300
Z02 3_3-diMpentane rOl-52-3241-30 2 15 c/mk 2 150-290
Z02 3^3-diMpentane r05-8-859-76 1 21 c/mk 1 140-370
Z02 2-Mnonane rOl-63-1133-41 1 10 c/mk 1 200-290
Z02 2-Mpropane rOl-62-2059-40 1 15 c/mk 1 120-260
Z02 2_2-diMbutane rOl-68-1704-46 1 13 c/mk 1 180-300
Z02 2_2-diMpentane r03-65-495-61 1 17 c/mk 1 150-310
Z02 2_2_3-TMbutane r03-65-495-61 1 8 c/mk 1 250-320
Z02 2_2_3_3-TEMpentane r05-8-959-76 1 14 c/mk 1 270-400
Z02 2_2_4-TMpentane rOl-52-622-30 1 13 c/mk 1 170-290
Z02 2_2_4-TMpentane rOl-62-1224-40 2 8 c/mk 0 171-317
Z02 2_2_4_4-TEMpentane r05-8-965-76 1 18 c/mk 1 210-380
Z02 2_3-diMbutane rOl-68-1704-46 1 16 c/mk 1 150-300
Z02 2_3-dlMpentane r05-8-859-76 1 19 c/mk 1 90-390
Z02 2_3_4-TMpentane rOl-63-2419-41 1 14 c/mk 0 172-323
Z02 2_4-diMpentane r03-65-495-61 1 16 c/mk 1 160-320
Z02 3-ethylpentane r03-65-495-61 1 15 c/mk 1 160-300
Z02 3-Mheptane r05-5-247-73 1 23 c/mk 1 160-380
Z02 3-Mnonane rOl-63-1133-41 1 11 c/mk 1 190-290
Z02 3-Mpentane r05-5-247-73 1 20 c/mk 1 120-310
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3_3-diethylpentane r05—08—965—7 6 1 14 c/mk 1 240-370
3_3_4_4-TEMhexane rOl-52-622-30 1 7 c/mk 1 230-320
4-Mnonane rOl-63-1133-41 1 12 c/mk 1 180-290
5-Mnonane rOl—63—1133—41 1 11 c/mk 1 190-290
3-Mhexane rOl-52-3241-33 1 11 c/gk 0 99-289
1-butene rOl—58—134“36 1 15 c/mk 1 110-250
1-decene r03-61-289-57 1 10 c/mk 1 206-360
1-dodecene r03-61-289-57 c/mk 1 237-310
1-heptene r03—61—289—57 1 16 c/mk 1 154-300
1-hexadecene r03-61-289-57 c/mk 1 277-310
1-hexene r03-62-289-57 1 18 c/mk 1 140-310
1-octene r03—61—289—57 1 15 c/mk 1 171-310
1-pentene rOl-69-1519-47 1 20 c/mk 1 110-300
1-undecene r03-61-289-57 1 10 c/mk 1 224-310
2-M-l-butene rOl-69-1519-47 1 17 c/mk 1 140-310
2-M-2-butene rOl-69-1519-47 1 17 c/mk 1 140-300
2-Mpropene rOl—58—134—36 1 12 c/mk 1 140-250
2_3-diM-2-butene rOl-58-2505-36 2 12 c/mk 0 202-363
2_3-diM-2-butene rOl-77-4993-55 1 13 c/mk 1 200-320
3-M-1-butene rOl-69-1519-47 1 17 c/mk 1 140-300
cis-2-butene rOl-58-134-36 1 13 c/mk 1 140-260
cis-2-butene rl2-44-2454-52 2 13 c/mk 0 133-366
cis-2-pentene rOl-69-1519-47 1 17 c/mk 1 140-300
ethene rOl-59-1264-37 c/mk 1 105-170
propene rOl-61-2366-39 1 14 c/mk 1 90-255
propene rl2-42-110-50 2 14 c/mk 1 90-225
3__3*diM-1-butene rOl-60-1507-38 1 14 c/mk 0 165-295
trans-2-butene rOl—67—324—45 1 11 c/mk 1 170-270
trans-2-pentene rOl-69-1519-47 1 17 c/mk 1 140-300
l_2-butadiene rOl-69-3106-47 1 16 c/mk 1 140-290
l_2-pentadiene r02-15-277-70 1 16 c/mk 1 140-290
1_3-butadiene r27-p7el.2-66 1 11 c/mk 1 170-270
l_4-pentadiene r02-15-277-70 1 17 c/mk 1 140-300
2-M-l__3-butadiene r02-15-277-70 1 17 c/mk 1 140-300
2_3-pentadiene r02-15-277-70 1 17 c/mk 1 150-310
3-M-l_2-butadiene r02-15-277-70 1 16 c/mk 1 160-310
cis-1^3-pentadiene r02-15-277-70 1 18 c/mk 1 140-310
trane-l_3-pentadiene r02-15-277-70 1 13 c/mk 1 190-310
1-butyne rOl-72-5287-50 1 14 c/mk 1 150-280
2-butyne rOl-63-3492-41 1 5 c/mk 1 250-290
l«_2-diM-l-ethyne rOl-63-3492-41 1 3 c/mk 1 250-290
ammonia r29-55-325-20 1 9 c/mk 0 303-373
ammonium.fluoride rOl-79-287-57 1 11 c/mk 1 200-300
carbon.suboxide r04-42-2311-65 1 9 c/mk 1 160-240
ethene.oxide rOl-71-2176-49 1 14 c/mk 1 160-285
hydrogen.chloride rOl-50-101-28 1 4 c/mk 0 163-185
Imonochlorine r03-69-2443-65 1 4 c/mk 1 300-322
nitrogen rOl-52-622-30 1 8 c/mk 0 63-116C
propylene.oxide r04-41-149-64 1 15 c/mk 1 161-300
sulfur.dioxide rOl-60-1389-38 1 7 c/mk 1 200-260
sulfur.dioxide r30-243-94-58 2 3 c/mk 1 0-50c
carbonyl.fluoride r04-48-1231-68 1 6 c/mk 1 165-185
hexaFacetone r04‘“47—48—67 1 11 c/mk 1 150-245
M.deuteroxide r28-40-50-49 1 10 c/mk 1 180-270
nitrogen.Tfluoride r04-23-555-55 1 15 c/mk 1 70-140
oxalyl.fluoride r04-58-2794-73 1 6 c/mk 1 165-185
perFpiperidine r03-67-1300-62 1 6 c/mk 1 274-320
sulfuryIfluoride r04-32-799-60 1 10 c/mk 1 138-216
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i î ZÛ6 thionyl.fluoride r04—43—1953—65 1 17 c/mk 1 144-225
Î3 Z08 TFacetoniTle r04—35—454—81 1 18 c/mk 1 130-205
S9 Z06 TFacetyl.fluoride r05-4-441-72 1 11 c/mk 1 120-210
11 Z08 TFmethanethiol r04—32—805—80 1 13 c/mk 1 120-235
18 Z08 TEMmethane rOl-58-2354-38 1 4 c/mk 0 258-278
19 Z08 triptycene r05-02-254-70 1 4 c/mk 0 527-550
10 Z08 Mnitrate r29-2380-53 1 13 c/mk 1 190-298
19 Z07 cis-decahydronaphthalene r03-81-1105-57 1 12 c/mk 1 240-350
10 Z07 CYbutane r27-7el.1-68 1 10 c/mk 1 190-280
11 Z07 CYheptaTene rOl-78-5489-58 1 12 c/mk 1 200-310
12 Z07 CYheptene rOl-70-2911-48 1 4 c/mk 1 270-300
13 Z07 CYhexene rOl-70-2911-48 1 14 c/mk 1 170-300
14 Z07 CYoctane rOl—78—5489—58 1 4 c/mk 1 290-320
15 Z07 CYoctateraene rOl-71-1834-49 1 8 c/mk 1 270-330
16 Z07 CYpentene rOl-70-2911-48 1 17 c/mk 1 140-300
17 Z07 CYpropane r27-7el.l-88 1 10 c/mk 1 150-240
18 Z07 MCYbutane r05-10-809-78 1 18 c/mk 1 140-310
19 Z07 MeneCYbutane r05-13-345-81 1 18 c/mk 1 140-310
10 Z07 spiropentane rOl-72-4884-50 1 15 c/mk 1 170-310
11 Z07 trans-decahydronaphthalene r03-81-1105-57 1 12 c/mk 1 242-350
12 Z08 1-Mnaphthalene r03-81-1105-57 1 11 c/mk 1 250-350
13 Z08 l__2-diMbenzene rOl—85—803—43 1 5 c/mk 1 250-300
14 Z08 l_2^3-TMbenzene r04-23-1225-55 1 11 c/mk 1 250-300
14 Z08 1^2_3-TMbenzene r04-25-1225-57 2 8 c/mk 1 250-300
15 Z08 l_2_3__4“TEMbenzene ' rOl-53-3879-31 1 10 c/mk 1 233-320
16 Z08 l_2_3_5-TEMbenzene rOl-53-3879-31 1 8 c/mk 0 92-210
17 Z08 l_2_4-TMbenzene rOl-53-3879-31 1 7 c/mk 0 239-297
17 Z08 l_2_4-TMbenzene r04-27-1075-57 2 15 c/mk 1 230-300
18 Z08 l_3-diMbenzene rOl—85“803—43 1 9 c/mk 1 230-320
19 Z08 l_3^5-TMbenzene r04-23-1232-55 1 8 c/mk 1 230-320
20 Z08 l_4-dlMbenzene rOl-89-2291-47 1 12 c/mk 0 290-400
22 Z08 2-Mbenzene ' r08-78-3020-73 1 19 c/mk 1 130-310
22 Z08 
10-200f
2-Mbenzene rl2-44-2454-52 2 12 bt 2
■22 Z08 Mbenzene rOl-82-898-40 3 12 c/mk 0 281-383
122 Z08 Mbenzene r03-88-911-82 4 19 c/mk 1 180-380
[27 Z08 benzene rOl-82—898—40 2 9 c/mk 0 281-353
127 Z08 benzene rOl-70-1502-48 1 8 c/mk 1 280-350
28 Z08 diphenyl r35 1 8 c/mk 1 75-250
•:29 Z08 dowthermA r35 1 9 c/mk 1 50-250
30 Z08 ethenylbenzene rOl-88-2209-48 1 8 c/mk 1 250-300
m Z08 ethylbenzene rOl-88-2120-44 2 13 c/mk 1 180-300
31 Z08 ethylbenzene r26-35-513-45 1 13 c/mk 1 180-300
33 Z08 m_terphenyl r35 1 11 c/mk 1 100-350
,35 Z08 n-butyl.benzene r03-69-4304-85 1 21 c/mk 1 185-380
‘ 36 Z08 n-propyl.benzene r03-89-4304-85 1 21 c/mk 1 170-370
38 Z08 o-terphenyl r04-58-503-72 2 12 c/mk 1 250-380
141 Z08 santowexR r35 1 8 c/mk 1 175-350
142 Z08 tert-butyl.benzene rOl-52-1547-30 1 8 c/mk 0 220-294
112 Z08 l-M-4(1-M)benzene REF' 1 8 c/gk 0 210-297
143 Z09 l-cis-2-diMCYpentane rOl-75-2801-53 1 8 c/mk 1 230-300
144 Z09 l-trans-3-diMCYpentane rOl-75-2801-53 1 18 c/mk 1 150-300
145 Z09 l_l-diMCYpentane rOl-75-2801-53 1 10 c/mk 1 210-300
146 Z09 l_2-diMCYpentane rOl-53-3879-31 1 8 c/mk 0 181-294
'.47 Z09 CYpentane rOl-88-173-48 1 13 c/mk 1 180-300
,47 Z09 CYpentane r04-15-582-47 2 13 c/mk 1 180-300
148 Z09 ethylCYpentane rOl-75-2801-53 1 17 c/mk 1 140-300
149 Z09 MCYpentane rOl-88-173-46 1 17 c/mk 1 140-300
2 2 6
149 Z09 M C Y p e n t a n e r12 — 43“946 — 51 2 13 bt 1 80-190f
150 Z09 n-butylCYpentane r03-69-353-65 1 21 c / m k 1 170-370
151 Z09 n-decylCYpentane r03-69-353-65 1 8 c / m k 1 251-320
152 Z09 n-propylCYpentane r03-69-353-65 1 22 c / m k 1 160-370
153 ZIO l__l-diMCYhexane rOl-71-584-49 1 7 c / m k 1 240-300
154 ZIO CYhexane rOl-65-1620-43 1 3 c / m k 1 280-300
154 ZIO CYhexane rl2-42-110-50 2 13 bt 1 130-200
155 ZIO MCYhexane rOl-68-1743-46 1 16 c / m k 1 150-300
156 ZIO cis-l_2-diMCYhexane rOl-71-584-49 1 8 c / m k 1 230-300
157 ZIO ci8-l_3-diMCYhexane rOl-71-584-49 1 11 c / m k 1 200-300
158 ZIO ci8“l_4-diMCYhexane rOl-71-584-49 1 11 c / m k 1 200-300
159 ZIO ethylCYhexane rOl—71—584—49 1 15 c / m k 1 170-310
160 ZIO n-butylCYhexane r03-69-2094-65 1 18 c / m k 1 200-370
161 ZIO n-decylCYhexane r03-69-2094-65 1 5 c / m k 1 271-310
162 ZIO n-dodecylCYhexane rOl-71-3386-49 1 2 c / m k 1 300-310
<183 ZIO n-heptylCYhexane rOl-71-3386-49 1 7 c / m k 1 240-300
164 ZIO n-propylCYhexane r03-69-2094-65 1 21 c / m k 1 180-380
165 zio trans-l_2“diMCYhexane rOl-71-584-49 1 12 c / m k 1 190-300
166 ZIO tran8-l_3-diMCYhexane rO1—71—584—49 1 12 c / m k 1 190-300
167 ZIO tran8-l_4-diMCYhexane rOl-71-584-49 1 7 c / m k 1 240-300
169 Zll -butan-2-ol r29-661-71 1 15 c / m k 1 177-310
170 Zll 1-butanol rl9-1869-65 1 11 c / m k 194-294
170 Zll 1-butanol r28-61-1869-65 2 15 c / m k 1 184-320
170 Zll 1-butanol r54—06—132—54 3 9 c / g k 1 273-333
171 Zll 1-heptanol rOl-78-56-58 1 7 c / m k 1 240-300
171 Zll 1-heptanol r53—6-132—54 2 10 c / g k 1 273-343
172 Zll 1-hexanol rOl-51-779-29 1 6 c / m k 1 313-353
172 Zll 1-hexanol r54-06-132-54 2 10 c / g k 1 273-343
173 Zll 1-octanol rOl-53-3668-31 1 5 c / m k 231-286
174 Zll 1-pentanol r29-1819-68 1 21 c / m k 1 200-390
M74 Zll 1-pentanol r54-06-132-54 2 8 c / g k 1 273-343
175 Zll 1-propanol r29-1819-68 1 23 c / m k 1 150-360
175 Zll 1-propanol r54-06-132-54 2 12 c / g k 1 273-363
176 Zll l_4-butanediol r05-6-1139-74 1 14 c / m k 297-431
177 Zll 2-butanol r29-661-71 1 18 c / m k 1 184-350
,178 Zll 2-M-1-heptanol rOl-53-3668-31 1 5 c / m k 250-310
-'179 Zll 2-M-1-propanol r29-1819-68 1 19 c / m k 1 180-350
179 Zll 2-M-1-propanol r54-06-132-54 2 8 c / g k 1 273-323
180 Zll 2-M-2-heptanol rOl-53-3668-31 1 7 c / m k 231-310
'162 Zll 2-Mphenol r28-63-1115-67 1 11 c / m k 1 304-400
183 Zll 2-octanol rOl-53-3668-31 1 5 c / m k 246-298
,184 Zll 2-propanol rOl-51-180-29 1 12 c / m k 188-292
|184 Zll 2-propanol r28-59-1555-63 2 18 c / m k 1 185-330
'184 Zll 2-propanol ’ r54-06-132—54 3 13 c / g k 1 273-393
Zll 3-M-l-butanol rOl-46-903-24 1 5 c / m k 1 313-353
]186 Zll 3-M-1-butanol r54-06-132-54 2 5 c / g k 1 273-303
187 Zll 3-Mphenol r28-63-1115-67 1 14 c / m k 1 285-400
168 Zll 3-octanol rOl-53-3668-31 1 8 c / m k 0 201-298
189 Zll 4-Mphenol r28-63-1115-67 1 11 c / m k 1 307-400
130 Zll 4-octanol rOl-53-3668-31 1 9 c / m k 0 201-310
131 Zll 6-M-2-heptanol rOl-53-3668-31 1 6 c / m k 0 231-298
132 Zll 6-M-3-heptanol rOl-53-3668-31 1 8 c / m k 0 231-298
134 Zll CYhexanol r05-6-1139-74 1 13 c / m k 0 297-497
135 Zll CYpentanol rOl-78-56-56 1 5 c / m k 1 260-300
'136 Zll dlMtoxymethane r04-41-3127-64 1 14 c / m k 1 170-300
157 Zll ethanol rOl-47-338-25 1 7 c / m k 1 160-298
37 Zll ethanol r28-57-2132-61 2 17 c / m k 1 150-350
|37 Zll ethanol r53-6-132-54 3 10 c / g k 1 273-197
227
198 Zll furfuryl.alcohol rOl-72-5775-50 1 5 c/mk 1 303-353
196 Zll furfuryl.alcohol rOl-78-56-56 2 5 c/mk 1 260-300
199 Zll glycerol r37 1 12 kj 1 20-240
200 Zll methanol rOl-72-5775-50 2 6 c/mk 1 303-363
200 Zll methano1 r04-54-1464-71 1 15 c/mk 1 180-320
200 Zll methanol r28-40-50-49 3 10 c/mk 1 180-270
413 Zll l_3-benzenediol r64-06-375-53 1 3 c/gk 1 298-384
614 Zll benzyl.alcohol rOl-58-398-36 1 5 c/gk 1 260-300
205 Z12 2-butanone rOl-78-56-56 1 13 c/mk 1 180-300
205 Z12 2-butanone r03-68-1354-64 3 17 c/mk 1 186-335
205 Z12 2-butanone r29-1894-68 2 15 c/mk 1 186-320206 Z12 2-hexanone r29-833-70 1 18 c/mk 1 217-380207 Z12 2-octanone r02-10-245-65 1 9 c/mk 1 252-330208 Z12 2-pentanone r02-10-245-85 2 15 c/mk 1 196-300208 Z12 2-pentanone r29-1894-68 1 19 c/mk 1 196-300209 Z12 2-propanone rOl-51-779-29 1 12 c/mk 0 180-296209 Z12 2-propanone r30-267-384-62 2 7 c/mk 0 253-308210 Z12 2_4-diM-3-penatanone r29-833-70 1 13 c/mk 1 204-320211 Z12 3-hexanone r29-833-70 1 12 c/mk 1 217-320212 Z12 3-pentanone r29-1894-68 1 10 c/mk 1 234-320213 Z12 3_3-diM-2-butanone r29-833-70 1 15 c/mk 1 221-360214 Z12 3-M-2-butanone r29-1894-68 1 15 c/mk 1 180-320215 Z12 5-nonanone r29-833-70 1 7 c/mk 1 260-320216 Z12 benzophenone r05-15-129-83 1 9 c/mk 1 280-3451217 Z13 benzaldehyde r05-07-1143-75 '1 15 c/mk 1 220-3601218 Z13 n-butanal rOl-78-56-56 1 13 c/mk 1 180-300'219 Z13 n-heptanal rOl-78-56-56 1 8 c/mk 1 230-300]251 Z13 n-ethanal rOl-71-2839-49 1 4 c/mk 0 298-422251 Z13 n-ethanal r53-06-132-54 2 4 c/gk 1 273-393220 Z14 3-oxapentane r29-313-71 1 16 c/mk 1 156-300^221 Z14 2-oxapentane rOl-63-2267-41 1 11 c/mk 1 140-240'223 Z14 ethyl.ether rOl-48-2788-26 1 10 c/mk 0 164-290223 Z14 ethyl.ether r05-03-313-71 2 15 c/mk 1 160-3001224 Z14 3-oxahexane r05-7-593-75 1 18 c/mk 1 150-320225 Z14 2_4-diM-3-oxapropane r07-70-1914-74 1 16 c/mk 1 187-340227 Z14 3_3-diM-2-oxabutane r05-7-593-75 1 15 c/mk 1 170-310228 Z14 2-oxahexane r05-7-593-75 1 16 c/mk 1 160-310229 Z14 2-oxadodecane r05-7-593-75 1 11 c/mk 1 250-350230 Z14 2-oxa-3-Mbutane r05-07-593-75 1 19 c/mk 1 130-310^231 Z14 2-oxapentane r05-7-593-75 1 18 c/mk 1 140-310232 Z14 2-oxaheptane r05-07-584-75 1 18 c/mk 1 160-330169 Z15 hydrogen.cyanide rOl-61-2626-39 1 5 c/mk 1 260-3004:92 Z15 M .hydrazine rOl-73-1939-51 1 9 c/mk 1 220-298pS6 Z15 sym_diMhydrazine rOl-73-1943-51 1 5 c/mk 1 264-298)98 Z15 TMhydrazine rOl-77-281-55 1 10 c/mk 1 201-290m Z15 l_l-diMindan r05-13-213-81 1 18 c/mk 1 230-400134 Z15 l_l__4_6-TEMindan r05-13-213-81 1 13 c/mk 1 280-400135 Z15 l_l_4_7-TEMindan r05-13-213-81 1 21 c/mk 1 160-380136 Z15 4_6-diMindan r05-13-115-81 1 13 c/mk 1 260-380137 Z15 4_7-diMindan r05-13-115-81 1 13 c/mk 1 280-400138 Z15 acetoniTle r04-42-749-65 1 15 c/mk 1 230-300:Z15 glutaroniTle r03-69-1983-65 1 11 c/mk 1 250-350Z15 nitroethane r02-ll-187-66 1 13 c/mk 1 180-300144 Z15 nitromethane rOl-72-5775-50 1 7 c/mk 1 40-lOOc& Z15 nitromethane r02-14-107-69 2 11 c/mk 1 100-200145 Z15 propioniTle r04-36-829-62 1 12 c/mk 1 190-300147 Z15 TMacetoniTle r03-71-1216-67 1 7 c/mk 1 292-350<38 Z15 acryloniTle r05-04-359-72 1 18 c/mk 1 190-360
2 2 8
in Z15 nitrobenzene rOl-58—398 — 36 1 3
m Z16 1-aminopropane r05-4-359-72 1 18
m Z16 2-aminopropane rOl-72-5775-50 2 5
M Z16 2-aminopropane r05-4-359-72 1 18
!50 Z16 2-M-2-aminopropane r05-4-359-72 1 16
!52 Z16 CYpentylamine r05-13-345-81 1 18
■'’53 Z16 CYpropylamine r05—13—345—81 1 9
Z16 l_2-diaminoethane rOl-72-5775-50 1 6
157 Z16 phenylamine rOl-72-5775-50 1 11
'157 Z16 phenylamine r03-35-1935-31 2 12
158 Z16 propeneniTle r05-4-359-72 1 18
162 Z16 TMamine rOl-66-1171-44 1 13
Î03 Z16 dicyandiamine rOl-74-882-52 1 2
Î26 Z16 melamine rOl-74-882-52 1 3
163 Z17 1-pentanethiol rOl-74-2801-52 1 12
’ 163 Z17 1-pentanethiol r05-02-27-70 2 15
164 Z17 1-propanethiol rOl-78-3266-56 1 17
165 Z17 2-butanethiol rOl-80-4786-58 1 21
166 Z17 2-M-2-butanethiol r03-66-1334-62 1 20
167 Z17 2-M-2-propanethiol rOl-75-1818-53 1 7
168 Z17 2-M-thiaCYpentane r05-6-613-74 1 21
169 Z17 2-propanethiol rOl-76-4796-54 1 20
170 Z17 2-thiabutane rOl-73-261-51 1 15
171 Z17 2-thiahexane r03-65-788-61 1 20
172 Z17 2_3-dithiabutane rOl-72-2424-50 1 13
174 Z17 2_M_2-thiabutane rOl-77-6119-55 1 22
175 Z17 3-M-l-butanethlol r05-6-613-74 1 25
176 Z17 3-M-2-butanethiol - r05-6-613-74 1 25
177 Z17 3-M-thiaCYpentane r05-6-613-74 1 16
178 Z17 3-thiahexane r03-61-784-61 1 21
1 7 9 Z17 3_3-diM-2-thiabutane r04-36-406-62 1 18
181 Z17 4-thiaheptane r03-65-784-61 1 16
182 Z17 5-thianonane r03-65-784-61 1 18
184 Z17 benzenethiol rOl-78-5463-56 1 14
'185 Z17 CYpentanethiol r03-65-1428-61 1 21
,186 Z17 GYpentyl-1-thiaethane r05-6-613-74 1 21
187 Z17 2-thiapropane rOl-64-169-42 1 13
189 Z17 ethanethiol rOl-74-2801-52 1 21
189 Z17 ethanethiol r05-02-27-70 2 21
'19 0 Z17 methanethiol rOl-64-165-42 1 13
191 Z17 phenyl-1-thiaethane r05-6-613-74 1 8
im Z17 3_4-dithiahexane rOl-74-2748-52 1 14
506 Z17 1-decanethiol r05-02-27-70 1 12
510 Z17 1-hexanethiol r05-02-27-70 1 19
,511 Z17 1-heptanethiol r05-02-27-70 1 15
'522 Z17 thiaCYbutane rOl-75-2795-53 1 14
524 Z17 thiaCYpentane rOl-74-6025-52 1 16
525 Z17 3-thiapentane rOl-74-4656-52 1 16
531 Z17 3-M-2-thiabutane rOl-77-6119-55 1 18
532 Z17 1-butanethiol rOl-79-1062-57 1 18
533 Z17 2-thiapentane rOl-79-1062-57 1 19
164 Z18 chlorine rOl-61-1970-39 1 7
186 Z18 CHethane rOl-70-1506-48 1 17
Z18 CHmethane rOl-62-886-40 1 9
197 Z18 l_l-diF-l-CHethane r51-48-105-41 1 9
168 Z18 TEFmethane r52-41b-307-38 2 4
,185 Z18 1_1_2-TCH-l_2_2-TFethane r51-45-221-38 2 12
















































































































































































1 Z18 diFdiCHmethane * r51-46-105-39 1 6 c/gk 0 193-243
14 Z18 diCHmethane r50—48—87—40 1 11 c/gk 0 223-324
14 Z18 diCHmethane r51 — 44—201 — 36 2 11 c/gk 0 215-292
26 Z18 diCHTEFethane r51-44-201-36 1 14 c/gk 0 183-275
14 Z18 TFmethanethiol r04-32-805-60 1 12 c/mk 1 120-235
jl5 Z18 liLl-diCHethane rOl—78—1077—56 1 14 c/mk 1 176-300
Z18 1—1—1-TCHethane r07-73-1721-73 1 10 c/mk 1 243-310
pi Z18 l_l__l-TF-3-CHpropane r05—6—613—74 1 13 c/mk 1 180-300
538 Z18 l_l_l-TFethane rOl—66—16—44 1 7 c/mk 1 165-220
g Z18 ljLljilj_3-TECHpropane r05—6—613—74 1 7 c/mk 1 240-300
10 Z18 1_1_2-TF-l_2_2-TCHethane r05-13-115-81 1 7 c/mk 1 240-300
11 Z18 l_l_2_2-TEF-l_2-diCHethane r05-13-115-81 1 13 c/mk 1 180-300
13 Z18 l_2-diFbenzene r04-38-532-63 1 16 c/mk 1 226-370
14 Z18 l_2_3_4-TEFbenzene r06—69“761—69 1 10 c/mk 1 230-320
15 Z18 l_2_3_5-TEFbenzene r06—69—761—73 1 10 c/mk 1 226-310
106 Z18 l_2__4-TCHbenzene r05-06-1139-74 1 9 c/mk 1 366-469
1:07 Z18 l_2i.4_5-TEFbenzene r06-69-761-73 1 9 c/mk 1 277-350
ho
f i l
Z18 2_2“diCHpropane r05-4-447-72 1 4 c/mk 1 240-370
Z18 2_3_4__5_6-pentaFtoluene r29-2994-68 1 17 c/mk 1 243-380
12 Z18 4-FMbenzene r04-37-867-62 1 15 c/mk 1 220-360
13 Z18 benzyl.chloride rOl-53-3644-31 1 5 c/mk 246-298
{l4 Z18 Ibenzene rOl-59-2726-37 1 9 c/mk 1 240-320
[15 Z18 Bbenzene rOl-59-2726-37 1 9 c/mk 1 240-320
17 Z18 CHbenzene rOl-59-2726-37 1 10 c/mk 1 230-320
18 Z18 CHdiFmethane rOl-79-5618-57 1 8 c/mk 1 115-232
P Z18 CHdiFmethane rl2-32-967-40 2 4 c/mk 256-328
|I19 Z18 TCHmethane r30-239-230-57 1 7 c/mk 1 240-300
'120 Z18 CHTFethene rOl-73-5719-51 1 11 c/mk 1 120-240
121 Z18 l_l-diCHethene r04-30-930-59 1 15 c/mk 1 160-300
121 Z18 diCHethene r04-30-930-59 1 14 c/mk 1 160-300
12 Z18 diCHFmethane rl2-32-967-40 1 4 c/mk 251-337
123 Z18 l_2-diBethane rOl-62-331-40 1 4 c/mk 286-318
124 Z18 l_2-diCHethane rOl-62-331-40 1 6 c/mk 1 238-307
‘125 Z18 CHethane rOl-70-1506-48 1 16 c/mk 1 140-290
126 Z18 Fbenzene rOl-59-2726-37 1 10 c/mk 1 230-320
128 Z18 FTCHmethane rOl-63-3496-41 1 14 c/mk 1 170-300
128 Z18 FTCHmethane rl2-32-996-40 2 4 c/mk 250-347
331 Z18 hexaFbenzene r05-02-867-70 1 9 c/mk 1 278-350
131 Z18 hexaFbenzene r28-61-212-65 2 6 c/mk 1 278-310
132 Z18 hexaFethane rOl-70-567-48 1 5 c/mk 1 175-195
135 Z18 Bmethane rOl-60-2097-38 1 10 c/mk 1 142-210
136 Z18 Mene.dibromide r30-239-230-57 1 11 c/mk 1 120-210
337 Z18 Imethane T30-239-230-57 1 7 c/mk 1 240-300
137 Z18 Imethane r30-267-384-62 2 7 c/mk 253-308
339 Z18 octaFpropane r04-47-38-67 1 12 c/mk 1 135-235
140 Z18 octaFtoluene r07-70-605-74 1 17 c/mk 1 207-360
342 Z18 pentaFbenzene r29-2042-68 1 13 c/mk 1 225-320
344 Z18 pentaFCHbenzene r29-2357-68 1 15 c/mk 1 257-390
345 Z18 pentaFCHethane rOl-77-3939-55 1 13 c/mk 1 175-234
351 Z18 TECHmethane rOl-66-1064-44 1 c/mk 1 260-300
352 Z18 TEFmethane r03-73-4232-69 1 12 c/mk 1 91-145C
352 Z18 TFmethane r03-66-392-62 2 10 c/mk 1 117-190
115 Z18 TEFethene r26-51-69-53 1 c/mk 1 142-210
507 Z18 l_3-diFbenzene r05-02-867-70 1 17 c/mk 1 204-360
516 Z18 n-butylbromide rOl-53-3680-31 1 13 c/mk 0 176-292
517 Z18 n-amylbromide rOl-53-3680-31 1 10 c/mk 0 195-290
518 Z18 n-hexylbromide rOl-53-3680-31 1 10 c/mk 0 213-289
523 Z18 chlorine.Tfluoride rOl-73-5725-51 1 9 c/mk 0 202-278
230
F Z19 methanoic.acid r53-06-132-54 1 5 c/gk 1 283-303
r Z19 ethanoic.acid rOl-47-2089-25 1 2 c/gk 0 292-294
b Z19 ethanoic.acid r53-06-132-54 2 11 c/gk 1 293-383
te Z19 butanoic.acid rO1-48-1506-26 2 4 c/gk 0 274-290
te Z19 butanoic.acid r53-06-132-54 1 5 c/gk 1 283-303
te Z19 decanoic.acid r05-14-777-82 1 8 c/mk 1 310-345
f Z19 dodecanoic.acid r05-14-777-82 1 5 c/mk 1 325-345
Z19 heptadecanoic.acid r05-14-763-82 1 3 c/mk 1 340-350
Î5 Z19 heptanoic.acid r05-14-763-82 1 7 c/mk 1 275-305
'16 Z19 hexadecanoic.acid r05-14-777-82 1 2 c/mk 1 340-345
10 Z19 pentanoic.acid r04-42-2308-65 1 7 c/mk 1 240-300
I Z19 nonadecanoic.acid r05-14-763-82 1 3 c/mk 1 345-355
12 Z19 nonanoic.acid r05-14-763-82 1 4 c/mk 1 290-305
13 Z19 octadecanoic.acid r05-14-777-82 1 2 c/mk 1 350-355
14 Z19 octanoic.acid r05-14-777-82 1 3 c/mk 1 290-300
15 Z19 pentadecanoic.acid r05-14-763-82 1 4 c/mk 1 330-345
16 Z19 Tdecanoic.acid r05-14-763-82 1 5 c/mk 1 320-340
17 Z19 undecanoic.acid r05-14-763-82 1 6 c/mk 1 305-330
35 Z19 2-hydroxypropanoic.acidDL r04-04-64-36 1 2 c/mk 1 290-300
18 Z20 l_l-diphenylethane rOl-53-3644-31 1 4 c/mk 0 259-298
19 Z20 l_l-diphenylethene rOl-53-3644-31 1 2 c/mk 0 286-298
12 Z20 l_4-dioxane rOl-56-1513-34 1 3 c/mk 0 288-298
3 Z20 2-Mfuran r02-10-134-65 1 13 c/mk 1 180-300
!Î4 Z20 2-Mpyridine r03-67-685-63 1 18 c/mk 1 206-370
135 Z20 2-Mthiazole r02-13-468-68 1 7 c/mk 1 248-300
16 Z20 2_5-diMthiophene r03-69-1524-65 1 9 c/mk 1 220-300
Fte
Z20 3-Mpyridine r03-67-685-63 1 15 c/mk 1 255-390
Z20 benzothiazole r02-14-l-69 1 7 c/mk 1 275-325
1 Z20 diphenyImethane rOl-53-3644-31 1 2 c/mk 0 310-322
3 Z20 diphenylroethaneDMC r37 1 5 kj 1 20-300
<34 Z20 diphenyImethaneDTM r37 1 5 kj 1 20-300
36 Z20 furan rOl-74-4662-52 1 23 c/mk 0 191-299
30 Z20 phenylethyne rOl-53-3644-31 1 5 c/mk 0 246-298
12 Z20 pyridine r03-61-782-57 1 8 c/mk 1 231-300
3 Z20 pyrrole r03-71-2263-67 1 16 c/mk 1 250-400
i34 Z20 pyrrolidine r04-31-650-59 1 9 c/mk 1 220-300
136 Z20 thiazole r02-13-471-68 1 11 c/mk 1 245-340
37 Z20 thiophene rOl-56-1513-34 1 9 c/mk 0 237-298
39 Z2.0 Tphenylene r05-3-105-71 1 6 c/mk 1 430-480
:13 Z20 thiophenol rOl-58-398-36 1 5 c/gk 0 260-300
15 Z20 quinoline rOl-58-398-36 1 5 c/gk 1 260-300
19 Z20 prehnitene rOl-53-3656-31 1 4 c/gk 0 276-291
'37 Z20 3-Mthiophene rOl-75-5075-53 1 18 c/mk 0 207-337
37 Z21 ethyl.formate r53-06-132-54 1 8 c/gk 1 273-323
34 Z21 ethyl.acetate r53-06-132-54 1 10 c/gk 1 273-343
-35 Z22 ethylene.glycol rOl-47-2089-25 1 6 c/gk 0 262-293
49 Z24 p-tertbutylphenol r54-06-375-53 1 4 c/gk 1 298-473
S3 Z24 l_2-dihydroxybenzene r54-06-375-53 1 6 c/gk 1 298-383
32 Z24 4-tertbutyl-2-cresol r54-06-375-53 1 4 c/gk 1 298-343
10 Z24 2_6-ditertbutyl-4-cresol r54-06-375-53 1 4 c/gk 1 298-343
1 Z24 2-tertbutyl-4-cresol r54—06-375—53 1 4 c/gk 1 298-343
12 Z24 4_6-ditertbutyl-2-cresol r54-06-375-53 1 4 c/gk 1 298-343
14 Z24 a-naphthol r54-06-375-53 1 2 c/gk 0 298-369
30 Z24 4_6-ditertbutyl-3-cresol r54-06-375-53 1 4 c/gk 0 298-343
f Z24 p-dihydroxybenzene r54-06-375-53 1 3 c/gk 0 298-443
231
ing:
In appendix Aj the column names refer to the follow-
CID : Compound identifier
FN : Family name of the homologeous series 
S : Number of data sets 
ND : Number of data points
0 : option (1 if the data are curve-fitted and 0 other­
wise)
T.range : Temperature range where data are applicable 
All temperature are in K, unless otherwise indicated.
rOl: J. Americ. Chem. Soc. r02: J. Chem. Eng. Data
r03: J. Phys. Chem. r04 : J. Chem. Phys.
r05 J. Chem. Therm., r06 : J. Chem. Soc. Far.
r07; J. Chem. Soc. Far. Trans. II
Trans. I rOB: Bull. Chem. Soc. Jap.
r09: Ind. Eng. Chem. Fund. rlO: Ind. Eng. Chem.
rll: Ind. Eng. Chem. Proc .D.D
Prod.D.D rl2: Ind. Eng. Chem.
rl3 Can. J. Chem. Eng. rl4 : AIChE. J.
rl5 Chem. Eng. Prog. rl6: J. Chem. Eng. Jap.
rl7 Chem. Engng. rl8: Chem. Eng.
rl9 Chem. Rev. r20: Can. J. Chemistry
r21 British Chem. Eng. r22: Chem. Proc. Eng.
r23 Ind. & Chemistry r24: Hydro. Proc.
r25 J. Chem. Soc. Dalton . r26: J. Res. NBS
r27 API - Petro. data book r28: Trans. Far. Soc.
r29 J. Chem. Soc. (A) r30: Proc. Royal Soc. (A)
r31 Inst. Chem. Engrs. r32: Proc. Amer. Acad. Arts
Jap & Sci.
r33 J. Applied Chem. (Lon- r34: Proc. Phys. Soc. (Lon-
don) don)
r35 ÜK NE Authority, 1960 r36: TRC (1977), Key chem.
r37 Vargaftic (see ref) data books
r40 Perry 6th ed (see ref) r39: Russ. J. Phys. Chem.
r42 (ref r41, Vol I) r41: J. Gen. Chemistry
r50 Zeit. Ges. Kalte Ind. (Russ)
r53 Chem. Tech. (Germ). r43 : (ref r42, Vol II)
r52: Z. Phys. Chem.
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Appendix E
CQBPQttPdr.by-COaPOimd comparison between tha proposed method and the 
experimental data for different classes of compounds.
CLASS NAME : N-ALKANES
INPUT COEFFICIENTS 





CORRECTION TERMS ARE :
BAL 0.00000





CID G1 G2 BAL TEMP CPo CPc AER APD
002 2 0 0.0000 90.0000 16.3000 16.1840 0.12 0.71
002 2 0 0.0000 100.0000 16.3800 16.0788 0.30 1.84
002 2 0 0.0000 110.0000 16.4700 15.9910 0.48 2.91
002 2 0 0.0000 120.0000 16.5500 15.9205 0.63 3.80
002 2 0 0.0000 130.0000 16.6100 15.8674 0.74 4.47
002 2 0 0.0000 140.0000 16.6900 15.8316 0.86 5.14
002 2 0 0.0000 150.0000 16.7900 15.8132 0.98 5.82
002 2 0 0.0000 160.0000 16.9300 15.8122 1.12 6.60
002 2 0 0.0000 170.0000 17.0800 15.8286 1.25 7.33
002 2 0 0.0000 180.0000 17.2600 15.8623 1.40 8.10
003 2 1 1.6330 90.0000 20.2100 21.4243 * -1.21 -6.01
003 2 1 1.6330 100.0000 20.3000 21.4129 -1.11 -5.48
003 2 1 1.6330 110.0000 20.4200 21.4192 -1.00 -4.89
003 2 1 1.6330 120.0000 20.5500 21.4433 -0.89 -4.35
003 2 1 1.6330 130.0000 20.7000 21.4851 -0.79 -3.79
003 2 1 1.6330 140.0000 20.6800 21.5446 — 0.86 -4.18
003 2 1 1.6330 150.0000 21.0600 21.6219 -0.56 -2.67
003 2 1.6330 160.0000 21.2600 21.7169 -0.46 -2.15
003 2 1 1.6330 170.0000 21.5000 21.8296 -0.33 -1.53
003 2 1 1.6330 180.0000 21.7500 21.9601 -0.21 -0.97
003 2 1 1.6330 190.0000 22.0200 22.1083 -0.09 -0.40
003 2 1 1.6330 200.0000 22.3400 22.2742 0.07 0.29
003 2 1 1.6330 210.0000 22.7000 22.4579 0.24 1.07
003 2 1 1.6330 220.0000 23.0800 22.6592 0.42 1.82
003 2 1 1.6330 230.0000 23.5300 22.8784 0.65 2.77
004 2 2 1.9747 140.0000 27.1600 27.2576 -0.10 — 0.36
004 2 2 1.9747 150.0000 27.5000 27.4306 0.07 0.25
004 2 2 1.9747 160.0000 27.7100 27.6216 0.09 0.32
004 2 2 1.9747 170.0000 27.8600 27.8307 0.03 0.11
004 2 2 1.9747 180.0000 28.0300 28.0579 -0.03 -0.10
004 2 2 1.9747 190.0000 28.2800 28.3032 -0.02 — 0.08
004 2 2 1.9747 200.0000 28.8500 28.5666 0.28 0.98
004 2 2 1.9747 210.0000 28.9000 28.8481 0.05 0.18
004 2 2 1.9747 220.0000 29.2300 29.1477 0.08 0.28
004 2 2 1.9747 230.0000 29.6300 29.4654 0.16 0.56
004 2 2 1.9747 240.0000 30:0200 29.8012 0.22 0.73
233
004 2 2 1.9747 250.0000 30.5400 30.1551 0.38 1.26
004 2 2 1.9747 260.0000 31.1000 30.5272 0.57 1.84
004 2 2 1.9747 270.0000 31.6500 30.9173 0.73 2.32
005 2 3 2.1906 150.0000 33.8300 33.2392 0.59 1.75
005 2 3 2.1906 160.0000 33.8600 33.5262 0.33 0.99
005 2 3 2.1906 170.0000 33.9200 33.8317 0.09 0.26
005 2 3 2.1906 180.0000 34.0400 34.1557 -0.12 -0.34
005 2 3 2.1906 190.0000 34.2300 34.4981 -0.27 -0.78
005 2 3 2.1906 200.0000 34.5000 34.8590 -0.36 -1.04
005 2 3 2.1906 210.0000 34.8200 35.2384 -0.42 -1.20
005 2 3 2.1906 220.0000 35.2000 35.6362 -0.44 -1.24
005 2 3 2.1906 230.0000 35.6400 36.0525 -0.41 -1.16
005 2 3 2.1906 240.0000 36.1500 36.4873 -0.34 -0.93
005 2 3 2.1906 250.0000 36.7100 36.9405 -0.23 -0.63
005 2 3 2.1906 260.0000 37,2900 37.4122 -0.12 -0.33
005 2 3 2.1906 270.0000 37.9200 37.9024 0.02 0.05
005 2 3 2.1906 280.0000 38.6100 38.4110 0.20 0.52
005 2 3 2.1906 290.0000 39.3400 38.9381 0.40 1.02
005 2 3 2.1906 300.0000 40.1000 39.4837 0.62 1.54
006 2 4 2.3391 180.0000 40.6400 40.2535 0.39 0.95
008 2 4 2.3391 190.0000 40.7600 40.6930 0.07 0.16
006 2 4 2.3391 200.0000 40.9700 41.1514 -0.18 -0.44
006 2 4 2.3391 210.0000 41.2600 41.6286 -0.37 -0.89
006 2 4 2.3391 220.0000 41.6300 42.1247 -0.49 -1.19
006 2 4 2.3391 230.0000 42.0900 42.6396 -0.55 -1.31
006 2 4 2.3391 240.0000 42.6600 43.1733 -0.51 -1.20
006 2 4 2.3391 250.0000 43.2700 43.7259 — 0.46 -1.05
006 2 4 2.3391 260.0000 43.9100 44.2972 -0.39 -0.88
006 2 4 2.3391 270.0000 44.5900 44.8875 — 0.30 -0.67
006 2 4 2.3391 280.0000 45.3100 45.4966 -0.19 -0.41
006 2 4 2.3391 290.0000 46.0700 46.1245 -0.05 -0.12
006 2 4 2.3391 300.0000 46.8600 46.7712 0.09 0.19
007 2 5 2.4475 190.0000 48.2700 46.8879 1.38 2.86
007 2 5 2.4475 200.0000 48.1500 47.4438 0.71 1.47
007 2 5 2.4475 210.0000 48.2300 48.0189 0.21 0.44
007 2 5 2.4475 220.0000 48.4900 48.6131 -0.12 -0.25
007 2 5 2.4475 230.0000 48.8800 49.2266 -0.35 -0.71
007 2 5 2.4475 240.0000 49.3800 49.8593 — 0.48 -0.97
007 2 5 2.4475 250.0000 49.9800 50.5112 — 0.53 -1;06
007 2 5 2.4475 260.0000 50.6600 51.1823 -0.52 -1.03
007 2 5 2.4475 270.0000 51.3900 51.8726 -0.48 -0.94
007 2 5 2.4475 280.0000 52.1900 52.5821 — 0. 39 -0.75
007 2 5 2.4475 290.0000 53.0400 53.3108 -0.27 -0.51
007 2 5 2.4475 300.0000 53.9300 54.0587 -0.13 -0.24
007 2 5 2.4475 310.0000 54.8500 54.8258 0.02 0.04
007 2 5 2.4475 320.0000 55.7800 55.6121 0.17 0.30
007 2 5 2.4475 330.0000 56.7500 56.4176 0.33 0.59
007 2 5 2.4475 340.0000 57.7600 57.2424 0.52 0.90
007 2 5 2.4475 350.0000 58.7900 58.0863 0.70 1.20
007 2 5 2.4475 360.0000 59.8900 58.9494 0.94 1.57
007 2 5 2.4475 370.0000 61.0400 59.8318 1.21 1.98
008 2 6 2.5301 220.0000 55.5300 55.1016 0.43 0.77
008 2 6 2.5301 230.0000 55.7800 55.8137 -0.03 -0.06
008 2 6 2.5301 240.0000 56.1900 56.5453 -0.36 -0.63
008 2 6 2.5301 250.0000 56.7400 57.2965 -0.56 -0.98
008 2 6 2.5301 260.0000 57.4400 58.0673 -0.63 -1.09
Ô08 2 6 2.5301 270.0000 58.2200 58.8577 — 0.64 -1.10
008 2 6 2.5301 280.0000 59.0700 59.6676 -0.60 -1.01
234
008 2 6 2.5301 290.0000 59.9800 80.4971 -0.52 -0.86
006 2 6 2.5301 300.0000 60.9000 61.3462 -0.45 -0.73
009 2 7 2.5951 220.0000 63.4300 61.5901 1.84 2.90
009 2 7 2.5951 230.0000 63.1900 62.4008 0.79 1.25
009 2 7 2.5951 240.0000 63.3600 63.2314 0.13 0.20
009 2 7 2.5951 250.0000 63.8100 64.0819 -0.27 -0.43
009 2 7 2.5951 260.0000 64.4700 64.9524 -0.48 -0.75
009 2 7 2.5951 270.0000 65.2600 65.8428 -0.58 -0.89
009 2 7 2.5951 280.0000 66.1300 66.7532 -0.62 -0.94
009 2 7 2.5951 290.0000 67.1100 67.6835 -0.57 “0.85
009 2 7 2.5951 300.0000 68.1600 68.6337 -0.47 -0.69
009 2 7 2.5951 310.0000 69.2500 69.6039 — 0.35 -0.51
009 2 7 2.5951 320.0000 70.4000 70.5940 -0.19 -0.28
010 2 8 2.6476 250.0000 71.1000 70.8672 0.23 0.33
010 2 8 2.6476 260.0000 71.6600 71.8374 -0.18 -0.25
010 2 8 2.6476 270.0000 72.3800 72.8279 -0.45 -0.62
010 2 6 2.6476 280.0000 73.2400 73.8387 -0.60 -0.82
010 2 8 2.6476 290.0000 74.2600 74.8698 -0.61 -0.82
010 2 6 2.6476 300.0000 75.3700 75.9212 -0.55 -0.73
010 2 8 2.6476 320.0000 77.7500 78.0849 -0.33 -0.43
Oil 2 9 2.6909 250.0000 78.7500 77.6526 1.10 1.39
Oil 2 9 2.6909 260.0000 79.1400 78.7225 0.42 0.53
Oil 2 9 2.6909 270.0000 79.7200 79.8130 -0.09 -0.12
Oil 2 9 2.6909. 280.0000 80.5200 80.9242 -0.40 -0 . 50
oil 2 9 2.6909 290.0000 81.5500 82.0561 -0.51 -0.62
oil 2 9 2.6909 300.0000 82.6800 83.2087 -0.53 -0.64
oil 2 9 2.6909 310.0000 83.9000 84.3819- -0.48 -0.57
012 2 10 2.7272 270.0000 87.1800 86.7981 0.38 0.44
012 2 10 2.7272 280.0000 87.9200 88.0098 — 0.09 -0.10
012 2 10 2.7272 290.0000 88.9100 89.2425 -0.33 -0.37
012 2 10 2.7272 300.0000 90.0900 90.4962 -0.41 -0.45
012 2 10 2.7272 310.0000 91.3200 91.7710 -0.45 -0.49
012 2 10 2.7272 320.0000 92.6200 93.0668 -0.45 -0.48
013 2 11 2.7581 270.0000 94.9300 93.7832 1.15 1.21
013 2 11 2.7581 280.0000 95.3700 95.0953 0.27 0.29
013 2 11 2.7581 290.0000 96.3100 96.4288 -0.12 -0.12
013 2 11 2.7581 300.0000 97.4700 97.7837 -0.31 -0.32
013 2 11 2.7581 310.0000 98.7200 99.1600 -0.44 — 0 r45
014 2 12 2.7848 280.0000 102.9200 102.1808 0.74 0.72
014 2 12 2.7848 290.0000 103.9100 103.6151 0.29 0.28
014 2 12 2.7848 300.0000 105.0100 105.0712 -0.06 -0.06
015 2 13 2.8079 290.0000 111.5000 110.8015 0.70 0.63
015 2 13 2.8079 300.0000 112.5300 112.3587 0.17 0.15
015 2 13 2.8079 310.0000 113.8200 113.9381 -0.12 -0.10
016 2 14 2.8283 300.0000 120.0700 119:6462 0.42 0.35
016 2 14 2.8283 310.0000 121.4300 121.3271 0.10 0.08
016 2 14 2.8283 320.0000 123.0500 123.0306 0.02 0.02
017 2 15 2.8463 300.0000 127.8700 126.9337 0.94 0.73
017 2 15 2.8463 310.0000 129.0900 128.7162 0.37 0.29
017 2 15 2.8463 320.0000 130.6700 130.5215 0.15 0.11
017 2 15 2.8463 330.0000 132.3800 132.3497 0.03 0.02
017 2 15 2.8463 340.0000 134.1700 134.2008 -0.03 -0.02
017 2 15 2.8463 350.0000 136.0400 136.0748 -0.03 -0.03
017 2 15 2.8463 360.0000 137.9300 137.9717 -0.04 -0.03
017 2 15 2.8463 370.0000 139.9500 139.8914 0.06 0.04
017 2 15 2.8463 380.0000 141.7600 141.8341 -0.07 -0.05
017 2 15 2.8463 390.0000 143.6900 143.7996 -0.11 -0.08
018 2 16 2.8623 310.0000 136.7700 136.1052 0.66 0.49
235
018 2 16 2.8823 320.0000 138.3000 138.0124 0.29 0.21
018 2 16 2.8623 330.0000 140.0200 139.9429 0.08 0.06
018 2 16 2.8623 340.0000 141.8700 141.8967 -0.03 -0.02
018 2 16 2.8623 350.0000 143.6500 143.8736 -0.22 -0.16
018 2 16 2.8623 360.0000 145.7700 145.8739 -0.10 -0.07
018 2 16 2.8623 370.0000 147.7700 147.8974 -0.13 -0.09
018 2 16 2.8623 380.0000 149.9300 149.9441 -0.01 -0.01
AVERAGE ABSOLUTE ERROR : 0.412
AVERAGE PERCENT DEVIATION : 1.097
Number of data points = 159 
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within ±0.5 109 68.55
Within ±1.0 149 93.71
Better than ±2.0 159 100.00
Higher than ±2.0 0 0.00
Maximum Deviation 1.84
CLASS NAME : T-ALKANES





CORRECTION TERMS ARE :
BAL -0.31904









CID G1 G2 G3 BAL TEMP CPo CPc AER APD
019 3 2 1 2.6272 120.0000 35.1600 35.1945 -0.03 -0.10
019 3 2 1 2.6272 130.0000 35.4900 35.5788 -0.09 -0.25
019 3 2 1 2.6272 140.0000 35.8700 35.9868 -0.12 -0.33
019 3 2 1 2.6272 150.0000 36.2400 36.4184 -0.18 -0.49
019 3 2 1 2.6272 160.0000 36.6900 36.8738 -0.18 -0.50
019 3 2 1 2.6272 170.0000 37.1500 37.3529 -0.20 -0.55
019 3 2 1 2.6272 180.0000 37.6600 37.8556 -0.20 -0.52
019 3 2 1 2.6272 190.0000 38.1600 38.3821 -0.22 -0.58
019 3 2 1 2.6272 200.0000 38.7400 38.9322 -0.19 -0.50
019 3 2 1 2.6272 210.0000 39.3600 39.5060 -0.15 -0.37
019 3 2 1 2.6272 220.0000 40.0000 40.1036 -0.10 -0.26
019 3 2 1 2.6272 230.0000 40.7000 40.7248 -0.02 -0.06
019 3 2 1 2.6272 240.0000 41.4100 41.3697 0.04 0.10
019 3 2 1 2.6272 250.0000 42.2100 42.0382 0.17 0.41
019 3 2 1 2.6272 260.0000 43.0200 42.7305 0.29 0.67
019 3 2 1 2.6272 270.0000 43.8200 43.4465 0.37 0.85
019 3 2 1 2.6272 280.0000 44.6700 44.1861 0.48 1.08
236
019 3 2 2.6272 290.0000 45.5900 44.9495 0.64 1.40
019 3 2 2.8272 300.0000 46.5000 45.7365 0.76 1.64
019 3 2 2.6272 310.0000 47.3000 46.5472 0.75 1.59
020 3 1 2.5395 120.0000 29.5500 29.6996 -0.15 -0.51
020 3 1 2.5395 130.0000 29.9500 29.9890 -0.04 -0.13
020 3 1 2.5395 140.0000 30.3400 30.3017 0.04 0.13
020 3 1 2.5395 150.0000 30.7400 30.6378 0.10 0.33
020 3 1 2.5395 160.0000 31.1400 30.9971 0.14 0.46
020 3 1 2.5395 170.0000 31.5500 31.3798 0.17 0.54
020 3 1 2.5395 180.0000 32.0000 31.7858 0.21 0.67
020 3 1 2.5395 190.0000 32.4600 32.2151 0.24 0.75
020 3 1 2.5395 200.0000 33.0000 32.6678 0.33 1.01
020 3 1 2.5395 210.0000 33.5000 33.1438 0.36 1.06
020 3 1 2.5395 220.0000 34.0400 33.6431 0.40 1.17
020 3 1 2.5395 230.0000 34.6000 34.1657 0.43 1.26
020 3 1 2.5395 240.0000 35.2000 34.7116 0.49 1.39
020 3 1 2.5395 250.0000 35.8000 35.2809 0.52 1.45
020 3 1 2.5395 260.0000 36.4800 35.8735 0.61 1.66
020 3 1 2.5395 270.0000 37.5000 36.4894 1.01 2.70
020 3 1 2.5395 280.0000 37.9980 37.1286 0.87 2.29
020 3 1 2.5395 290.0000 38.7640 37.7911 0.97 2.51
020 3 1 2.5395 300.0000 39.5580 38.4770 1.08 2.73
021 3 7 2.7964 230.0000 74.3200 73.6061 0.71 0.96
021 3 7 2.7964 240.0000 75.1300 74.7458 0.38 0.51
021 3 7 2.7964 250.0000 75.9600 75.9110 0.05 0.06
021 3 7 2.7964 260.0000 75.8900 77.1018 -1.21 -1.60
021 3 7 2.7964 270.0000 78.0000 78.3180 -0.32 -0.41
021 3 7 2.7964 280.0000 79.2000 79.5598 -0.36 -0.45
021 3 7 2.7964 290.0000 80.4500 80.8272 -0.38 -0.47
021 3 7 2.7964 300.0000 81.8200 82.1200 -0.30 -0.37
021 3 7 2.7964 310.0000 83.3500 83.4384 -0.09 -0.11
021 3 7 2.7964 320.0000 84.6900 84.7824 -0.09 -0.11
021 3 7 2.7964 330.0000 86.1400 86.1518 -0.01 -0.01
021 3 7 2.7964 340.0000 87.6000 87.5468 0.05 0.06
021 3 7 2.7964 350.0000 89.1000 88.9673 0.13 0.15
021 3 7 2.7964 360.0000 90.6700 90.4134 0.26 0.28
021 3 7 2.7964 370.0000 92.3000 91.8849 0.42 0.45
021 3 7 2.7964 380.0000 93.9600 93.3820 0.58 0.62
021 3 7 2.7964 390.0000 95.8800 94.9047 0.98 1.02
022 3 4 2.7158 170.0000 50.6900 49.3267 1.36 2.69
022 3 4 2.7158 180.0000 51.0000 50.0230 0.98 1.92
022 3 4 2.7158 190.0000 51.3900 50.7436 0.65 1.26
022 3 4 2.7158 200.0000 51.8100 51.4888 0.32 0/62
022 3 4 2.7158 210.0000 51.3400 52.2583 -0.92 -1.79
022 3 4 2.7158 220.0000 52.9700 53.0522 -0.08 -0.16
022 3 4 2.7158 230.0000 53.7200 53.8706 -0.15 -0.28
022 3 4 2.7158 240.0000 54.5400 54.7134 -0.17 -0.32
022 3 4 2.7158 250.0000 55.4500 55.5807 -0.13 -0.24
022 3 4 2.7158 260.0000 56.3300 56.4723 -0.14 -0.25
022 3 4 2.7158 270.0000 57.3400 57.3884 -0.05 --0.08
022 3 4 2.7158 280.0000 58.3100 58.3289 -0.02 -0.03
022 3 4 2.7158 290.0000 59.3600 59.2939 0.07 0.11
022 3 4 2.7158 300.0000 60.4300 60.2833 0.15 0.24
022 3 4 2.7158 310.0000 61.3500 61.2970 0.05 0.09
022 3 4 2.7158 320.0000 62.7000 62.3353 0.36 0.58
022 3 4 2.7158 330.0000 63.8700 63.3979 0.47 0.74
022 3 4 2.7158 340.0000 65.1000 64.4850 0.62 0.94
022 3 4 2.7158 350.0000 66.3500 65.5965 0.75 1.14
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022 3 4 1 2.7158 360.0000 67.6400 66.7324 0.91 1.34
022 3 4 1 2.7158 370.0000 68.9200 67.8927 1.03 1.49
025 3 6 1 2.7732 200.0000 66.5900 64.0552 2.53 3.81
025 3 6 1 2.7732 210.0000 66.7000 65.0205 1.68 2.52
025 3 6 1 2.7732 220.0000 66.9500 66.0109 0.94 1.40
025 3 6 1 2.7732 230.0000 67.4200 67.0264 0.39 0.58
025 3 6 1 2.7732 240.0000 68.0400 68.0672 -0.03 -0.04
025 3 6 1 2.7732 250.0000 68.9900 69.1331 -0.14 -0.21
025 3 6 1 2.7732 260.0000 70.0300 70.2241 -0.19 -0.28
025 3 6 1 2.7732 270.0000 71.1900 71.3403 -0.15 -0.21
025 3 6 1 2.7732 280.0000 72.4900 72.4817 0.01 0.01
025 3 8 1 2.7732 290.0000 73.7900 73.6482 0.14 0.19
027 3 0 1 2.3238 120.0000 23.9700 24.2456 -0.28 -1.15
027 3 0 1 2.3238 130.0000 24.2600 24.4401 -0.18 -0.74
027 3 0 1 2.3238 140.0000 24.6300 24.6575 -0.03 -0.11
027 3 0 1 2.3238 150.0000 25.0500 24.8979 0.15 0.61
027 3 0 1 2.3238 160.0000 25.5200 25.1613 0.36 1.41
027 3 0 1 2.3238 170.0000 26.0300 25.4476 0.58 2.24
027 3 0 1 2.3238 180.0000 26.5000 25.7568 0.74 2.80
027 3 0 1 2.3238 190.0000 26.9400 26.0891 0.85 3.16
027 3 0 1 2.3238 200.0000 27.3300 26.4442 0.89 3.24
027 3 0 1 2.3238 210.0000 27.8100 26.8223 0.99 3.55
027 3 0 1 2.3238 220.0000 28.3700 27.2234 1.15 4.04
027 3 0 1 2.3238 230.0000 28.9900 27.6474 1.34 4.63
027 3 0 1 2.3238 240.0000 29.7100 28.0944 1.62 5.44
027 3 0 1 2.3238 250.0000 30.3800 28.5643 1.82 5.98
027 3 0 1 2.3238 260.0000 31.0000 29.0572 1.94 6.27
034 4 0 2 2.9935 150.0000 34.8300 34.5104 0.32 0.92
034 4 0 2 2.9935 160.0000 35.3600 35.0381 0.32 D.91
034 4 0 2 2.9935 170.0000 35.9000 35.5943 0.31 0.85
034 4 0 2 2.9935 180.0000 36.4600 36.1791 0.28 0.77
034 4 0 2 2.9935 190.0000 37.0500 36.7925 0.26 0.70
034 4 0 2 2.9935 200.0000 37.6400 37.4344 0.21 0.55
034 4 0 2 2.9935 210.0000 38.2400 38.1048 0.14 0.35
034 4 0 2 2.9935 220.0000 38.8800 38.8038 0.08 0.20
034 4 0 2 2.9935 230.0000 39.5600 39.5313 0.03 0.07
034 4 0 2 2.9935 240.0000 40.2800 40.2873 -0.01 -0.02
034 4 0 2 2.9935 250.0000 41.0200 41.0720 -0.05 -0.13
034 4 0 2 2.9935 260.0000 41.8000 41.8851 -0.09 -0.20
034 4 0 2 2.9935 270.0000 42.6400 42.7268 — 0.09 -0.20
034 4 0 2 2.9935 280.0000 43.5000 43.5970 -0.10 -0.22
034 4 0 2 2.9935 290.0000 44.3700 44.4958 -0.13 -0.28
034 4 0 2 2.9935 300.0000 45.3800 45.4232 -0.04 -0.10
035 4 1 2 3.1442 90.0000 37.5300 37.1357 0.39 1.05
035 4 1 2 3.1442 110.0000 38.3100 38.0651 0.24 0.64
035 4 1 2 3.1442 130.0000 39.3100 39.1102 0.20 0.51
035 4 1 2 3.1442 150.0000 40.4100 40.2709 0.14 0.34
035 4 1 2 3.1442 170.0000 41.5700 41.5473 0.02 0.05
035 4 1 2 3.1442 190.0000 42.8400 42.9393 -0.10 -0.23
035 4 1 2 3.1442 210.0000 44.2200 44.4470 -0.23 -0.51
035 4 1 2 3.1442 230.0000 45.7600 46.0703 -0.31 “0.68
035 4 1 2 3.1442 250.0000 47.4600 47.8092 -0.35 -0.74
035 4 1 2 3.1442 270.0000 49.3900 49.6638 -0.27 -0.55
035 4 1 2 3.1442 290.0000 51.3200 51.6341 -0.31 -0.61
035 4 1 2 3.1442 300.0000 52.3700 52.6626 -0.29 -0.56
035 4 1 2 3.1442 320.0000 54.4600 54.8063 -0.35 -0.64
035 4 1 2 3.1442 340.0000 56.5700 57.0657 -0.50 -0.88
035 4 1 2 3.1442 350.0000 57.6700 58.2387 -0.57 -0.99
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035 4 1 2 3.1442 380.0000 58.7700 59.4407 -0.67 -1.14
035 4 1 2 3.1442 370.0000 59.8700 60.6716 -0.80 -1.34
035 4 1 2 3.1442 380.0000 60.9600 61.9314 -0.97 -1.59
035 4 1 2 3.1442 390.0000 62.0400 63.2201 -1.18 -1.90
036 5 0 3 3.4642 172.7600 45.6600 46.0386 -0.38 -0.83
036 5 0 3 3.4642 181.5100 46.5000 46.7978 -0.30 -0.64
036 5 0 3 3.4642 196.3800 47.9300 48.1479 -0.22 -0.45
036 5 0 3 3.4642 200.7900 48.3000 48.5628 -0.26 -0.54
036 5 0 3 3.4642 212.8000 49.6100 49.7264 -0.12 -0.23
036 5 0 3 3.4642 212.8800 49.5700 49.7343 -0.16 -0.33
036 5 0 3 3.4642 223.7100 50.6100 50.8261 -0.22 -0.43
036 5 0 3 3.4642 227.1000 50.8600 51.1761 -0.32 -0.62
036 5 0 3 3.4642 245.2700 53.0800 53.1188 -0.04 -0.07
036 5 0 3 3.4642 266.7900 55.5900 55.5655 0.02 0.04
036 5 0 3 3.4642 279.5800 57.0700 57.0946 -0.02 -0.04
036 5 0 3 3.4642 293.7900 58.8500 58.8588 -0.01 -0.01
036 5 0 3 3.4642 310.6900 61.1500 61.0468 0.10 0.17
036 5 0 3 3.4642 323.5900 62.6400 62.7825 -0.14 -0.23
037 4 1 2 2.9532 160.0000 40.4900 40.9556 -0.47 -1.15
037 4 1 2 2.9532 170.0000 41.2400 41.6082 -0.37 -0.89
037 4 1 2 2.9532 180.0000 42.0100 42.2898 -0.28 -i). 87
037 4 1 2 2.9532 190.0000 42.8100 43.0002 -0.19 -0.44
037 4 1 2 2.9532 200.0000 43.6500 43.7396 -0.09 -0.21
037 4 1 2 2.9532 210.0000 44.5100 44.5079 0.00 0.00
037 4 1 2 2.9532 220.0000 45.4200 45.3051 0.11 • 0.25
037 4 1 2 2.9532 230.0000 46.3800 46.1312 0.25 0.54
037 4 1 2 2.9532 240.0000 47.3700 46.9862 0.38 0.81
037 4 1 2 2.9532 250.0000 48.3800 47.8702 0.51 1.05
037 4 1 2 2.9532 260.0000 49.4300 48.7830 0.65 1.31
037 4 1 2 2.9532 270.0000 50.5100 49.7248 0.79 1.55
037 4 1 2 2.9532 280.0000 50.6000 50.6954 -0.10 -0.19
037 4 1 2 2.9532 290.0000 52.7000 51.6950 1.00 1.91
037 4 1 2 2.9532 300.0000 53.7900 52.7235 1.07 1.98
037 4 1 2 2.9532 310.0000 54.8700 53.7809 1.09 1.98
038 3 3 1 2.9923 160.0000 44.5900 42.6620 1.93 4.32
038 3 3 1 2.9923 170.0000 42.1800 43.2374 -1.06 -2/51
038 3 3 1 2.9923 180.0000 42.8000 43.8370 -1.04 -2.42
038 3 3 1 2.9923 190.0000 43.4600 44.4605 -1.00 -2.30
038 3 3 1 2.9923 200.0000 44.1400 45.1081 -0.97 -2.19
038 3 3 1 2.9923 210.0000 44.8500 45.7798 -0.93 -2.07
038 3 3 1 2.9923 220.0000 45.5900 46.4756 — 0.89 -1.94
038 3 3 1 2.9923 230.0000 46.3500 47.1953 — 0.85 -1.82
038 3 3 1 2.9923 240.0000 47.1500 47.9392 -0.79 -1.67
038 3 3 1 2.9923 250.0000 47.9900 48.7071 -0.72 -1.49
038 3 3 1 2.9923 260.0000 48.8800 49.4991 -0.62 -1.27
038 3 3 1 2.9923 270.0000 49.7800 50.3151 -0.54 -1.07
038 3 3 1 2.9923 280.0000 50.7000 51.1552 — 0.46 -0.90
038 3 3 1 2.9923 290.0000 51.6600 52.0193 -0.36 -0.70
038 3 3 1 2.9923 300.0000 52.6600 52.9075 -0.25 -0.47
039 3 4 1 2.8621 160.0000 48.9800 48.6082 0.37 0.76
039 3 4 1 2.8621 170.0000 49.4500 49.2800 0.17 0.34
039 3 4 1 2.8621 180.0000 49.9400 49.9763 -0.04 -0.07
039 3 4 1 2.8621 190.0000 50.7200 50.6970 0.02 ' 0.05
039 3 4 1 2.8621 200.0000 51.1900 51.4421 — 0.25 -0.49
039 3 4 1 2.8621 210.0000 51.8300 52.2116 -0.38 -0.74
039 3 4 1 2.8621 220.0000 52.5600 53.0056 -0.45 “0.85
039 3 4 1 2.8621 230.0000 53.3200 53.8240 -0.50 -0.95
039 3 4 1 2.8621 240.0000 54.1000 54.6668 -0.57 -1.05
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045 3 6 1 2.9680 280.0000 72.9400 72.4196 0.52 0.71
045 3 6 1 2.9680 290.0000 74.5600 73.5861 0.97 1.31
046 3 6 1 2.9984 190.0000 63.2900 63.0433 0.25 0.39
046 3 6 1 2.9984 200.0000 63.9000 63.9834 — 0.08 -0.13
046 3 6 1 2.9984" 210.0000 64.6500 64.9486 -0.30 -0.46
046 3 6 1 2.9984 220.0000 65.4400 65.9390 -0.50 -0.76
046 3 6 1 2.9984 230.0000 66.3500 66.9546 -0.60 -0.91
046 3 6 1 2.9984 240.0000 67.4300 67.9953 -0.57 -0.84
046 3 6 1 2.9984 250.0000 68.9200 69.0612 -0.14 -0.20
046 3 6 1 2.9984 260.0000 69.6900 70.1523 — 0.46 — 0.66
046 3 6 1 2.9984 270.0000 71.0600 71.2685 -0.21 -0.29
046 3 6 1 2.9984 280.0000 72.4200 72.4099 0.01 0.01
046 3 6 1 2.9984 290.0000 73.8000 73.5764 0.22 0.30
023 3 3 1 2.6783 160.2000 42.7640 42.7735 -0.01 -0.02
023 3 3 1 2.6783 166.0000 43.0650 43.1046 -0.04 -0.09
023 3 3 1 2.6783 180.3000 43.9656 43.9555 0.01 0.02
023 3 3 1 2.6783 195.2000 44.9689 44.8945 0.07 0.17
023 3 3 1 2.6783 211.0000 46.0702 45.9485 0.12 0.26
023 3 3 1 2.6783 225.0000 46.9709 46.9326 0.04 0.08
023 3 3 1 2.6783 240.3000 48.0721 48.0621 0.01 0.02
023 3 3 1 2.6783 255.4000 49.1758 49.2320 -0.06 -0.11
023 3 3 1 2.6783 275.8000 50.7764 50.8996 -0.12 -0.24
023 3 3 1 2.6783 280.6000 51.7797 51.3065 0.47 0.91
023 3 3 1 2.6783 286.2000 52.0425 51.7883 0.25 0.49
023 3 3 1 2.6783 292.4000 52.3794 52.3305 0.05 0.09
AVERAGE ABSOLUTE ERROR : 0.411
AVERAGE PERCENT DEVIATION : 0.873
Number of data points =274 
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within ±0.5 198 72.26
Within ±1.0 248 90.51
Better than ±2.0 273 99.64
Higher than ±2.0 1 0.36
Maximum Deviation 2.53




























INPUT DATA AND RESULTS
CID G1 G2 G3 G4 BAL TEMP CPo CPo AER APD
024 4 2 0 1 3.3604 140.0000 39.5200 38.2160 1.30 3.30
024 4 2 0 1 3.3604 150.0000 39.9300 38.9021 1.03 2.57
024 4 2 0 1 3.3604 160.0000 40.3800 39.6082 0.77 1.91
024 4 2 0 1 3.3604 170.0000 40.8700 40.3345 0.54 1.31
024 4 2 0 1 3.3604 180.0000 41.4300 41.0809 0.35 0.84
024 4 2 0 1 3.3604 190.0000 42.0100 41.8474 0.16 0.39
024 4 2 0 1 3.3604 200.0000 42.6600 42.6340 0.03 0.06
024 4 2 0 1 3.3604 210.0000 43.3400 43.4408 -0.10 -0.23
024 4 2 U 1 3.3604 230.0000 44.0900 45.1147 -1.02 -2.32
024 4 2 0 1 3.3604 250.0000 45.6900 46.8692 -1.18 -2.58
024 4 2 0 1 3.3604 270.0000 48.4900 48.7041 -0.21 -0.44
024 4 2 0 1 3.3604 280.0000 49.4600 49.6517 -0.19 -0.39
024 4 2 0 1 3.3604 290.0000 50.4600 50.6195 -0.16 -0.32
024 4 2 0 1 3.3604 300.0000 51.5300 51.6074 -0.08 -0.15
024 4 2 0 1 3.3604 310.0000 52.6500 52.6155 0.03 0.07
024 4 2 0 1 3.3604 330.0000 54.8600 54.6919 0.17 0.31
024 4 2 0 1 3.3604 340.0000 56.0700 55.7603 0.31 0.55
024 4 2 0 1 3.3604 350.0000 57.2500 56.8489 0.40 0.70
024 4 2 0 1 3.3604 360.0000 58.5300 57.9575 0.57 0.98
024 4 2 0 1 3.3604 370.0000 59.8000 59.0863 0.71 1.19
028 4 1 0 1 3.1685 180.0000 36.1100 34.9970 1.11 3.08
028 4 1 0 1 3.1685 190.0000 36.7200 35.6664 1.05 2.87
028 4 1 0 1 3.1685 200.0000 37.3800 36.3556 1.02 2.74
028 4 1 0 1 3.1685 210.0000 38.0500 37.0645 0.99 2.59
028 4 1 0 1 3.1685 220.0000 38.7400 37.7932 0.95 2.44
028 4 1 0 1 3.1685 230.0000 39.4300 38.5416 0.89 2.25
028 4 1 0 1 3.1685 240.0000 40.1700 39.3098 0.86 2.14
028 4 1 0 1 3.1685 250.0000 40.9800 40.0978 0.88 2.15
028 4 1 0 1 3.1685 260.0000 41.8100 40.9055 0.90 2.16
028 4 1 0 1 3.1685 270.0000 42.6700 41.7329 0.94 2.20
028 4 1 0 1 3.1685 280.0000 43.5300 42.5802 0.95 2.18
028 4 1 0 1 3.1685 290.0000 44.4100 43.4472 0.96 2.17
028 4 1 0 1 3.1685 300.0000 45.2700 44.3339 0.94 2.07
029 4 2 0 1 3.1545 150.0000 39.2200 38.9170 0.30 0.77
029 4 2 0 1 3.1545 160.0000 39.9200 39.6232 0.30 0.74
029 4 2 0 1 3.1545 170.0000 40.6600 40.3495 0.31 0.76
029 4 2 0 1 3.1545 180.0000 41.4200 41.0958 0.32 0.78
029 4 2 0 1 3.1545 190.0000 42.2200 41.8624 0.36 0.85
029 4 2 0 1 3.1545 200.0000 43.0500 42.6490 0.40 0.93
029 4 2 0 1 3.1545 210.0000 43.9100 43.4558 0.45 1.03
029 4 2 0 1 3.1545 220.0000 44.8100 44.2827 0.53 1.18
029 4 2 0 1 3.1545 230.0000 45.7400 45.1297 0.61 1.33
029 4 2 0 1 3.1545 240.0000 46.7100 45.9969 0.71 1.53
029 4 2 0 1 3.1545 250.0000 47.7000 46.8841 0.82 1.71
029 4 2 0 1 3.1545 260.0000 48.7300 47.7915 0.94 1.93
029 4 2 0 1 3.1545 270.0000 49.7700 48.7191 1.05 2.11
029 4 2 0 1 3.1545 280.0000 50.8500 49.6667 1.18 2.33
029 4 2 0 1 3.1545 290.0000 51.9400 50.6345 1.31 2.51
029 4 2 0 1 3.1545 300.0000 53.0600 51.6224 1.44 2.71
029 4 2 0 1 3.1545 310.0000 54.2000 52.6304 1.57 2.90
030 5 0 1 1 3.5412 248.5700 45.8800 45.8616 0.02 0.04
030 5 0 1 1 3.5412 250.0000 46.0200 46.0066 0.01 0.03
030 5 0 1 1 3.5412 260.0000 47.0500 47.0349 0.02 0.03
030 5 0 1 1 3.5412 270.0000 48.0800 48.0881 -0.01 -0.02
242
030 5 0 1 1 3.5412 280.0000 49.1200 49.1664 -0.05 -0.09
030 5 0 1 1 3.5412 290.0000 50.1700 50.2898 -0.10 -0.20
030 6 0 1 1 3.5412 300.0000 51.2200 51.3978 -0.18 -0.35
030 6 0 1 1 3.5412 310.0000 52.2800 52.5510 -0.29 -0.58
030 5 0 1 1 3.5412 320.0000 53.3200 53.7291 -0.41 -0.77
031 6 0 2 4.1447 270.0000 80.9900 59.8933 1.30 2.13
031 6 1 0 2 4.1447 280.0000 82.3800 81.0800 1.30 2.08
031 6 1 0 2 4.1447 290.0000 63.7800 82.4884 1.29 2.03
031 6 1 0 2 4.1447 300.0000 85.1500 83.9188 1.23 1.89
031 6 1 0 2 4.1447 310.0000 88.5400 65.3707 1.17 1.78
031 6 1 0 2 4.1447 320.0000 67.9300 88.8445 1.09 1.60
031 6 1 0 2 4.1447 330.0000 89.3200 88.3401 0.98 1.41
031 8 0 2 4.1447 340.0000 70.7500 89.8574 0.89 1.26
031 G 0 2 4.1447 350.0000 72.1800 71.3988 0.78 1.09
031 6 1 0 2 4.1447 380.0000 73.5800 72.9575 0.82 0.85
031 6 1 0 2 4.1447 370.0000 74.9800 74.5403 0.44 0.59
031 6 1 0 2 4.1447 380.0000 78.3800 78.1448 0.24 0.31
031 6 1 0 2 4.1447 390.0000 77.8000 77.7711 0.03 0.04
031 6 1 0 2 4.1447 400.0000 79.2200 79.4192 -0.20 -0.25
032 5 1 1 1 3.3889 170.0000 44.3300 44.6917 -0.36 -0.82
032 5 1 1 1 3.3889 180.0000 45.0100 45.8189 -0.61 -1.35
032 5 1 1 1 3.3889 190.0000 45.7100 48.5675 — 0.88 -1.88
032 5 1 1 1 3.3889 200.0000 48.4800 47.5434 -1.08 -2.29
032 5 1 1 3.3889 210.0000 47.3400 48.5448 -1.20 -2.54
032 5 1 1 1 3.3889 220.0000 48.2800 49.5712 -1.31 -2.72
032 5 1 1 1 3.3889 230.0000 49.2400 50.8231 -1.38 -2.81
032 5 1 1 1 3.3889 240.0000 50.1300 51.7004 -1.57 -3.13
032 5 1 1 3.3889 250.0000 51.1100 52.8030 -1.89 -3.31
032 5 1 1 1 3.3889 280.0000 52.1200 53.9310 -1.81 -3.47
032 5 1 1 1 3.3889 270.0000 53.1500 55.0843 -1.93 -3.64
032 5 1 1 1 3.3889 280.0000 54.2000 58.2830 -2.08 -3.81
032 5 1 1 1 3.3889 290.0000 55.2000 57.4670 -2.27 -4.11
033 6 1 0 2 3.7484 210.0000 52.5400 51.8597 0.68 1.29
033 6 1 0 2 3.7484 220.0000 53.8100 53.1157 0.49 0.92
033 6 1 0 2 3.7484 230.0000 54.7800 54.3934 0.39 0.71
033 6 1 0 2 3.7484 240.0000 55.9800 55.8930 0.29 0.51
033 6 1 0 2 3.7484 250.0000 57.2500 57.0143 0.24 0.41
033 6 1 0 2 3.7484 280.0000 58.5400 58.3574 0.18 0.31
033 6 1 0 2 3.7484 270.0000 59.8800 59.7223 0.14 0.23
033 6 0 2 3.7484 280.0000 81.1600 81.1089 0.05 0.08
033 6 1 0 2 3.7484 290.0000 82.5200 82.5174 0.00 0.00
033 6 1 0 2 3.7464 300.0000 83.9100 83.9478 -0.04 -0. 08
033 8 1 0 2 3.7464 310.0000 65.2700 85.3997 -0.13 -0.20
033 8 1 0 2 3.7484 320.0000 88.8400 88.8735 -0.23 -0.35
033 8 1 0 2 3.7484 330.0000 68.1500 68.3691 -0.22 -0.32
033 8 1 0 2 3.7484 340.0000 69.8100 69.8884 -0.28 -0.40
033 8 1 0 2 3.7464 350.0000 71.0400 71.4258 -0.39 -0.54
033 8 1 0 2 3.7484 380.0000 72.5000 72.9885 -0.49 -0.87
033 8 1 0 2 3.7484 370.0000 73.9400 74.5893 -0.83 -0.85
033 8 1 0 2 3.7464 380.0000 75.4200 78.1738 -0.75 -1.00
042 4 0 1 3.8247 240.0000 58.5600 59.3201 -0.78 -1.30
042 4 4 0 1 3.8247 250.0000 59.8500 80.4081 -0.58 -0.93
042 4 4 0 1 3.8247 280.0000 61.1600 81.5129 -0.35 -0.58
042 4 4 0 1 3.8247 270.0000 62.5500 82.8405 -0.09 -0.14
042 4 4 0 1 3.8247 280.0000 63.9700 83.7890 0.18 0.28
042 4 4 0 1 3.8247 290.0000 65.4400 64.9584 0.48 0.74
042 4 4 0 1 3.8247 300.0000 68.9000 88.1488 0.75 1.12
042 4 4 0 1 3.8247 310.0000 88.3400 87.3597 0.98 1.43
243
! 4 4 0 1 3.8247 320.0000 69.8300 68.5917 1.24 1.77
1 4' 4 0 1 3.8247 330.0000 71.2600 69.8445 1.42 1.99
! 4 4 0 1 3.8247 340.0000 72.6600 71.1182 1.54 2.12
! 4 4 0 1- 3.8247 350.0000 74.2100 72.4128 1.80 2.42
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 
Number of data pointe = 116 
Estimation accuracy, cal/mk
Accuracy range
Within ± 0.5 
Within ± 1.0 
Better than ±2 . 0 



















































G2 G3 G4 G5 CON BAL TEMP CPo CPc AER APD
1 1 1 0 2.5000 2.2968 170.0000 25.5600 25.7747 -0.21 — 0.84
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i! 3 0 0 1
iî 3 0 0 1
7 3 0 0 1
iî 3 0 0 1
iî3 0 0 1
î 3 0 0 1
î 3 0 0 1
iî 3 0 0 1
7 3 0 0 1
î 3 0 0 1
3 2 0 1 0










2 0 1 0
|8 2 0 1 0
!8 2 0 1 0
; 2 0 1 0









; 2 0 1 0
f 4 0 0 • 0 2
4 0 0 0 2
4 0 0 0 2
t3 4 0 0 0 2
; 4 0 0 0 2
P 4 0 0 0 2
5 4 0 0 0 2
3 4 0 0 0 2
3 4 0 0 0 2
3 4 0 0 0 2
3 4 0 0 0 2
[3 4 0 0 0 2
i3 4 0 0 0 2
5 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
3 2 1 1 1 0
13 2 1 1 1 0
13 2 1 1 1 0
i3 2 1 1 1 0
13 2 1 1 1 0
i3 2 1 1 1 0
il 2 0 0 2 0
1 2 0 0 2 0
2 0 0 2 0
2 0 0 2 0
il 2 0 0 2 0





















































































































210.0000 32.4100 32.2510 0.16 0.49
220.0000 32.6900 32.5496 0.14 0.43
230.0000 33.0500 32.8857 0.16 0.50
240.0000 33.4500 33.2594 0.19 0.57
250.0000 33.9000 33.6706 0.23 0.68
260.0000 34.3700 34.1195 0.25 0.73
270.0000 34.8700 34.6058 0.26 0.76
280.0000 35.4100 35.1298 0.28 0.79
290.0000 36.0000 35.6913 0.31 0.86
300.0000 36.6400 36.2904 0.35 0.95
140.0000 25.5100 25.9855 — 0. 48 -1.86
150.0000 25.6600 26.0138 -0.35 -1.38
160.0000 25.8300 26.0672 -0.24 -0.92
170.0000 26.0300 26.1458 -0.12 -0. 45
180.0000 26.2600 26.2496 0.01 0.04
190.0000 26.5400 26.3785 0.16 0.61
200.0000 26.8600 26.5325 0.33 1.22
210.0000 27.2000 26.7117 0.49 1.80
220.0000 27.5700 26.9161 0.65 2.37
230.0000 27.9700 27.1456 0.82 2.95
240.0000 28.4000 27.4003 1.00 3.52
250.0000 28.9000 27.6801 1.22 4.22
200.0000 36.7500 37.1907 -0.44 -1.20
210.0000 37.0200 37.5011 -0.48 -1.30
220.0000 37.3500 37.8482 -0.50 -1.33
230.0000 37.7700 38.2322 -0.46 -1.22
240.0000 38.2300 38.6529 -0.42 -1.11
250.0000 38.7300 39.1105 -0.38 -0.98
260.0000 39.2700 39.6049 -0.33 -0.85
270.0000 39.8700 40.1361 -0.27 -0.67
280.0000 40.5100 40.7041 -0.19 -0.48
290.0000 41.1800 41.3089 -0.13 -0.31
300.0000 41.8800 41.9505 -0.07 -0.17
310.0000 42.6000 42.6290 -0.03 -0.07
320.0000 43.3700 43.3443 0.03 0.06
140.0000 29.4600 30.9482 -1.49 -5. 05
150.0000 29.6900 31.0092 -1.32 -4.44
160.0000 29.9600 31.1050 -1.15 -3.82
170.0000 30.2700 31.2358 -0.97 -3.19
180.0000 30.6200 31.4016 -0.78 -2.55
190.0000 31.0000 31.6023 -0.60 -1.94
200.0000 31.4200 31.8380 -0.42 -1.33
210.0000 31.8700 32.1087 -0.24 -0.75
220.0000 32.3500 32.4143 -0.06 -0.20
230.0000 32.8600 32.7548 0.11 0.32
240.0000 33.4100 33.1303 0.28 0.84
250.0000 33.9800 33.5408 0.44 1.29
260.0000 34.5900 33.9862 0.60 1.75
270.0000 35.2300 34.4665 0.76 2.17
280.0000 35.9300 34.9818 0.95 2.64
290.0000 36.6700 35.5321 1.14 3.10
300.0000 37.4400 36.1173 1.32 3.53
134.2600 27.2550 26.5199 0.74 2.70
140.0000 27.0870 26.4921 0.59 2.20
150.0000 26.8530 26.4739 0.38 1.41
160.0000 26.7030 26.4940 0.21 0.78
170.0000 26.5930 26.5524 0.04 0.15
180.0000 26.5400 26.6491 -0.11 -0.41
247
2 0 0 2 0 0.0000 2.5492 190.0000 26.5620 26.7842 -0.22 -0.84
Kl 2 0 0 2 0 0.0000 2.5492 200.0000 -26 ..6290 26.9576 -0.33 -1.23
Kl 2 0 0 2 0 0.0000 2.5492 210.0000 26.7390 27.1692 -0.43 -1.61
il 2 0 0 2 0 0.0000 2.5492 220.0000 26.9150 27.4192 -0.50 -1.87
(1 2 0 0 2 0 0.0000 2.5492 230.0000 27.1610 27.7075 -0.55 -2.01
2 0 0 2 0 0.0000 2.5492 240.0000 27.4550 28.0342 -0.58 — 2.11
2 0 0 2 0 0.0000 2.5492 250.0000 27.7870 28.3991 -0.61 -2.20
2 0 0 2 0 0.0000 2.5492 260.0000 28.1720 28.8024 -0.63 -2.24
|l 2 0 0 2 0 0.0000 2.5492 270.0000 28.6140 29.2439 -0.63 -2.20
11 2 0 0 2 0 0.0000 2.5492 280.0000 29.1060 29.7238 -0.62 -2.12
1 2 0 0 2 0 0.0000 2.5492 290.0000 29.6460 30.2420 -0.60 -2.01
1 2 0 0 2 0 0.0000 2.5492 300.0000 30.2430 30.7986 -0.56 -1.84
■12 2 1 0 2 0 2.5000 2.6224 140.0000 31.6200 30.7530 0.87 2.74
12 2 1 0 2 0 2.5000 2.6224 150.0000 31.4800 30.8305 0.65 2.06
Î2 2 1 0 2 0 2.5000 2.6224 160.0000 31.4000 30.9466 0.45 1.44
12 2 1 0 2 0 2.5000 2.6224 170.0000 31.3800 31.1014 0.28 0.89
12 2 1 0 2 0 2.5000 2.6224 180.0000 31.4400 31.2948 0.15 0.46
12 2 1 0 2 0 2.5000 2.6224 190.0000 31.5500 31.5270 0.02 0.07
12 2 1 0 2 0 2.5000 2.6224 200.0000 31.7200 31.7979 -0.08 -0.25
12 2 1 0 2 0 2.5000 2.6224 210.0000 31.9500 32.1074 -0.16 -0.49
12 2 1 0 2 0 2.5000 2.6224 220.0000 32.2300 32.4556 -0.23 -0.70
12 2 1 0 2 0 2.5000 2.6224 230.0000 32.5700 32.8425 -0.27 -0.84
|S2 2 1 0 2 0 2.5000 2.6224 240.0000 32.9800 33.2681 -0.29 -0.87
î 2 1 0 2 0 2.5000 2.6224 250.0000 33.4600 33.7324 -0.27 -0.81
2 1 0 2 0 2.5000 2.6224 260.0000 33.9800 34.2353 -0.26 -0.75
f! 2 0 2 0 2.5000 2.6224 270.0000 34.5300 34.7769 -0.25 -0.72
I; 2 1 0 2 0 2.5000 2.6224 280.0000 35.1100 35.3573 -0.25 -0.70
ü! 2 1 0 2 0 2.5000 2.6224 290.0000 35.7300 35.9763 -0.25 -0.69
i i 2 0 2 0 2.5000 2.6224 300.0000 36.3800 36.6340 -0.25 -0.70
0 0 2 0 0 0.0000 2.0000 105.0000 16.5280 15.8985 0.63 3.81
0 0 2 0 0 0.0000 2.0000 110.0000 16.4500 15.8568 0.59 3.61
r 0 0 2 0 0 0.0000 2.0000 120.0000 16.3090 15.7834 0.53 3.22
0 0 2 0 0 0.0000 2.0000 130.0000 16.1990 15.7236 0.48 2.93
13 0 0 2 0 0 0.0000 2.0000 140.0000 16.1100 15.6772 0.43 2.69
!3 0 0 2 0 0 0.0000 2.0000 150.0000 16.0600 15.6443 0.42 2.59
; 0 0 2 0 0 0.0000 2.0000 160.0000 16.0290 15.6250 0.40 2.52
13 0 0 2 0 0 0. 0000 2.0000 170.0000 16.0500 15.6191 0.43 2.68
r 1
0 1 1 0 0.0000 2.1875 110.0000 21.3500 21.5559 -0.21 -0.96h1 0 1 1 0 0.0000 2.1875 120.0000 21.1400 21.4526 -0.31 -1.48
' 1 0 1 1 0 0.0000 2.1875 130.0000 20.9700 21.3753 -0.41 -1.93
r 1 0 1 1 0 0.0000 2.1875 140.0000 20.8000 21.3238 -0.52 -2.521 0 1 1 0 0.0000 2.1875 150.0000 20.8100 21.2983 -0.49 -2.35
1 0 1 1 0 0.0000 2.1875 160.0000 20.8400 21.2987 -0.46 -2.20
1 0 1 1 0 0.0000 2.1875 170.0000 20.9000 21.3249 -0.42 -2.03
1 0 1 1 0 0.0000 2.1875 180.0000 20.9900 21.3771 -0.39 -1.84
P 1 0 1 1 0 0.0000 2.1875 190.0000 21.1600 21.4552 -0.30 -1.39k 1 0 1 1 0 0.0000 2.1875 200.0000 21.3400 21.5591 -0.22 -1.03
1 0 1 1 0 0.0000 2.1875 210.0000 21.5500 21.6890 -0.14 -0.65
1 0 1 1 0 0.0000 2.1875 220.0000 21.7700 21.8448 -0.07 -0.34
2 0 0 2 0 0.0000 2.5492 170.0000 26.4000 26.5524 -0.15 -0.58
2 0 0 2 0 0.0000 2.5492 180.0000 26.5300 26.6491 -0.12 -0.45
r 2 0 0 2 0 0.0000 2.5492 190.0000 26.6700 26.7842 -0.11 -0.432 0 0 2 0 0.0000 2.5492 200.0000 26.8900 26.9576 -0.07 -0.25
2 0 0 2 0 0.0000 2.5492 210.0000 27.1400 27.1692 -0.03 -0.11
;17 2 0 0 2 0 0.0000 2.5492 220.0000 27.4300 27.4192 0.01 0.04
flï 2 0 0 2 0 0.0000 2.5492 230.0000 27.7100 27.7075 0.00 0.01
il? 2 0 0 2 0 0.0000 2.5492 240.0000 28.0400 28.0342 0.01 0.02
]î? 2 0 0 2 0 0.0000 2.5492 250.0000 28.4300 28.3991 0.03 0.11
248
I 2 0 0 2 0 0.0000 2.5492 260.0000 28.8400 28.8024 0.04 0.13
F 2 0 0 2 0 0.0000 2.5492 270.0000 29.2400 29.2439 -0.00 -0.01
U 2 1 0 2 0 2.5000 2.6224 140.0000 30.6000 30.7530 -0.15 -0.50
15 2 1 0 2 0 2.5000 2.6224 150.0000 30.7900 30.8305 -0.04 -0.13
IS 2 1 0 2 0 2.5000 2.6224 160.0000 31.0100 30.9466 0.06 0.20
IS 2 1 0 2 0 2.5000 2.6224 170.0000 31.2500 31.1014 0.15 0.48
US 2 1 0 2 0 2.5000 2.6224 180.0000 31.5300 31.2948 0.24 0.75
(S 2 1 0 2 0 2.5000 2.6224 190.0000 31.8500 31.5270 0.32 1.01
18 2 1 0 2 0 2.5000 2.6224 200.0000 32.2000 31.7979 0.40 1.25
IS 2 1 0 2 0 2.5000 2.6224 210.0000 32.5900 32.1074 0.48 1.48
18 2 1 0 2 0 2.5000 2.6224 220.0000 33.0100 32.4556 0.55 '1.68
IS 2 1 0 2 0 2.5000 2.6224 230.0000 33.4700 32.8425 0.63 1.87
IS 2 1 0 2 0 2.5000 2:6224 240.0000 33.9600 33.2681 0.69 2.04
IS 2 1 0 2 0 2.5000 2.6224 250.0000 34.4900 33.7324 0.76 2.20
IS 2 1 0 2 0 2.5000 2.6224 260.0000 35.0600 34.2353 0.82 ' 2.35
; 2 1 0 2 0 2.5000 2.6224 270.0000 35.6700 34.7769 0.89 2.50
IS 2 1 0 2 0 2.5000 2.6224 280.0000 36.3100 35.3573 0.95 2.62
;is 2 1 0 2 0 2.5000 2.6224 290.0000 36.9700 35.9763 0.99 2.69
IS
1
2 1 0  
AVERAGE 
AVERAGE
2 0 2.5000 2.6224 





37.6400 36.6340 1.01 2.67
Number of data points = 268 
Estimation accuracy, cal/mk
Accuracy range
Within + 0.5 
Within + 1.0 
Better than +2.0 
















































CORRECTION TERMS ARE :
BAL -4.97222
INPUT DATA AND RESULTS
jpGl G2 G3 G4 G5 G6 BAL TEMP CPo CPc AER APD







31.3300 32.5670 -1.24 -3.95 
31.2900 32.6655 -1.38 -4.40
1 1 1 1 1 1 0 2.9340 160.0000 31.3400 32.7988 -1.46 -4.65
1 1 1 1 1 1 0 2.9340 170.0000 31.4300 32.9668 -1.54 -4.89
1 1 1 1 1 1 0 2.9340 180.0000 31.5600 33.1697 -1.61 -5.10
1 1 1 1 1 1 0 2.9340 190.0000 31.7400 33.4074 -1.67 -5.25
! 1 1 1 1 1 0 2.9340 200.0000 31.9500 33.6799 -1.73 -5.41
1 1 1 1 1 1 0 2.9340 210.0000 32.2400 33.9872 -1.75 -5.42
! 1 1 1 1 1 0 2.9340 220.0000 32.5400 34.3293 -1.79 -5.50
1 1 1 1 1 1 0 2.9340 230.0000 32.8600 34.7062 -1.85 -5.62
1 1 1 1 1 1 0 2.9340 240.0000 32.2500 35.1180 -2.87 -8.89
î 1 1 1 1 1 0 2.9340 250.0000 33.6700 35.5645 -1.89 -5.63
! 1 1 1 1 1 0 2.9340 260.0000 34.1300 36.0458 -1.92 -5.61
1 1 1 1 1 1 0 2.9340 270.0000 34.5900 36.5620 -1.97 -5.70
1 1 .1 1 1 1 0 2.9340 280.0000 35.0700 37.1129 -2.04 -5.83
1 1 1 1 1 1 0 2.9340 290.0000 35.5700 37.6986 -2.13 -5.98
1 0 0 2 2 0 0 2.7321 170.0000 24.6300 25.2507 -0.62 -2.52
1 0 0 2 2 0 0 2.7321 180.0000 24.7600 25.3213 -0.56 -2.27
1 0 0 2 2 0 0 2.7321 190.0000 24.9200 25.4264 -0.51 -2.03
1 0 0 2 2 0 0 2.7321 200.0000 25.1100 25.5660 -0.46 -1.82
1 0 0 2 2 0 0 2.7321 210.0000 25.3300 25.7400 -0.41 -1.62
1 0 0 2 2 0 0 2.7321 220.0000 25.5900 25.9484 -0.36 -1.40
1 0 0 2 2 0 0 2.7321 230.0000 25.9200 26.1913 -0.27 -1.05
1 0 0 2 2 0 0 2.7321 240.0000 26.2500 26.4687 -0.22 -0.83
1 0 0 2 2 0 0 2.7321 250.0000 26.6500 26.7804 -0.13 -0.49
1 0 0 2 2 0 0 2.7321 260.0000 27.1200 27.1267 -0.01 -0.02
1 0 0 2 2 0 0 2.7321 270.0000 27.6300 27.5073 0.12 0.44
I 0 1 2 2 0 0 2.6532 140.0000 30.3000 31.3506 -1.05 -3.47
I 0 1 2 2 0 0 2.8532 150.0000 30.3100 31.4136 -1.10 -3.64
2 0 1 2 2 0 0 2.6532 160.0000 30.2900 31.5114 -1.22 -4.03
2 0 1 2 2 0 0 2.6532 170.0000 30.3600 31.6440 -1.28 -4.23
2 0 1 2 2 0 0 2.6532 180.0000 30.4600 31.8114 -1.35 -4.44
2 0 1 2 2 0 0 2.6532 190.0000 30.6100 32.0137 -1.40 -4.59
0 1 2 2 0 0 2.6532 200.0000 30.8400 32.2507 -1.41 -4.57
2 0 1 2 2 0 0 2.6532 210.0000 31.1000 32.5226 -1.42 -4.57
|2 0 1 2 2 0 0 2.6532 220.0000 31.3800 32.8292 -1.45 -4.62
2 0 1 2 2 0 0 2.6532 230.0000 31.5200 33.1707 -1.65 -5.24
2 0 1 2 2 0 0 2.6532 240.0000 32.0900 33.5470 -1.46 -4.54
2 0 1 2 2 0 0 2.6532 250.0000 32.5100 33.9581 -1.45 -4.45
2 0 1 2 2 0 0 2.6532 260.0000 32.9700 34.4040 -1.43 -4.35
2 0 1 2 2 0 0 2.6532 270.0000 33.4900 34.8847 -1.39 -4.16
2 0 1 2 2 0 0 2.6532 280.0000 34.0000 35.4003 -1.40 -4.12
2 0 1 2 2 0 0 2.6532 290.0000 34.5800 35.9506 -1.37 -3.96
2 0 1 2 2 0 0 2.6532 300.0000 35.2000 36.5358 -1.34 -3.79
3 1 0 2 1 0 1 3.2048 140.0000 29.2400 29.2464 -0.01 -0.02
3 1 0 2 1 0 1 3.2048 150.0000 29.2500 29.2676 -0.02 -0. 06
3 1 0 2 1 0 1 3.2048 160.0000 29.3500 29.3224 0.03 0.09
3 1 0 2 1 0 1 3.2048 170.0000 29.4900 29.4110 0.08 0.27
3 1 0 2 1 0 1 3.2048 180.0000 29.7100 29.5332 0.18 0.60
3 1 0 2 1 0 1 3.2048 190.0000 29.9900 29.6891 0.30 1.00
3 1 0 2 1 0 1 3.2048 200.0000 30.3500 29.8787 0.47 1.55
3 1 0 2 1 0 1 3.2048 210.0000 30.7400 30.1020 0.64 2.08
3 1 0 2 1 0 1 3.2048 220.0000 31.1800 30.3590 0.82 2.63
3 1 0 2 1 0 1 3.2048 230.0000 31.6800 30.6497 1.03 3.25
l3 1 0 2 1 0 1 3.2048 240.0000 32.2100 30.9741 1.24 3.84
|3 1 0 2 1 0 1 3.2048 250.0000 32.7800 31.3322 1.45 4.42
(3 1 0 2 1 0 1 3.2048 260.0000 33.4100 31.7239 1.69 5.05
1 1 0 2 1 0 1 3.2048 270.0000 34.0900 32.1494 1.94 5.69
0 2 1 0 1 3.2048 280.0000 34.8000 32.6086 2.19 6.30
k 1 0 2 1 0 1 3.2048 290.0000 35.5200 33.1014 2.42 6.81
250
073 1 0 2 1 0 1 3.2048 300.0000 36.2500 33.6279 2.62 7.23
074 2 0 0 2 1 0 3.2627 150.0000 32.4800 31.3916 1.09 3.35
074 2 0 0 2 1 0 3.2627 160.0000 32.4600 31.4486 1.01 3.12
074 2 0 0 2 1 0 3.2627 170.0000 32.5100 31.5524 0.96 2.95
074 2 0 0 2 1 0 3.2627 180.0000 32.6000 31.7032 0.90 2.75
i 074 2 0 0 2 1 0 3.2627 190.0000 32.7200 31.9007 0.82 2.50
074 2 0 0 2 1 0 3.2627 200.0000 32.8900 32.1451 0.74 2.26
074 2 0 0 2 1 0 3.2627 210.0000 33.0800 32.4364 0.64 1.95
, 074 2 0 0 2 1 0 3.2627 220.0000 33.3200 32.7745 0.55 1.64
074 2 0 0 2 1 0 3.2627 230.0000 33.6100 33.1595 0.45 1.34
074 2 0 0 2 1 0 3.2627 240.0000 33.9400 33.5913 0.35 1.03
074 2 0 0 2 1 0 3.2627 250.0000 34.2900 34.0700 0.22 0.64
 ^074 2 0 0 2 1 0 3.2627 260.0000 34.6700 34.5955 0.07 0.21
074 2 0 0 2 1 0 3.2627 270.0000 35.0700 35.1678 -0.10 -0.28
, 074 2 0 0 2 1 0 3.2627 280.0000 35.5300 35.7871 -0.26 -0.72
074 2 0 0 2 1 0 3.2627 290.0000 36.0100 36.4531 -0.44 -1.23
074 2 0 0 2 1 0 3.2627 300.0000 36.5300 37.1660 -0.64 -1.74
074 2 0 0 2 1 0 3.2627 310.0000 37.0500 37.9258 -0.88 -2.36
075 2 0 1 0 1 1 3.5991 160.0000 31.2000 30.0454 1.15 3.70
075 2 0 1 0 1 1 3.5991 170.0000 31.3500 30.1694 1.18 3.77
075 2 0 1 0 1 1 3.5991 180.0000 31.5500 30.3271 1.22 3.88
075 2 0 1 0 1 1 3.5991 190.0000 31.7700 30.5185 1.25 3.94
075 2 0 1 0 1 1 3.5991 200.0000 32.0500 30.7436 1.31 4.08
075 2 0 1 0 1 1 3.5991 210.0000 32.3500 31.0023 1.35 4.17
075 2 0 1 0 1 1 3.5991 220.0000 32.7100 31.2948 1.42 4.33
075 2 0 1 0 1 1 3.5991 230.0000 33.1000 31.6209 1.48 4.47
075 2 0 1 0 1 1 3.5991 240.0000 33.4900 31.9807 1.51 4.51
075 2 0 1 0 1 1 3.5991 250.0000 33.9500 32.3742 1.58 4.64
075 2 0 1 0 1 1 3.5991 260.0000 34.4300 32.8014 1.63 4.73
075 2 0 1 0 1 1 3.5991 270.0000 34.9100 33.2623 1.65 4.72
075 2 0 1 0 1 1 3.5991 280.0000 35.4200 33.7568 1.66 4.70
075 2 0 1 0 1 1 3.5991 290.0000 35.9400 34.2851 1.65 4.60
075 2 0 1 0 1 1 3.5991 300.0000 36.5100 34.8470 1.66 4.55
075 2 0 1 0 1 1 3.5991 310.0000 37.0600 35.4426 1.62 4.36
076 1 0 1 3 0 0 2.9244 140.0000 31.1000 30.4509 0.65 2.09
' 076 1 0 1 3 0 0 2.9244 150.0000 30.8800 30.4256 0.45 1.47
076 1 0 1 3 0 0 2.9244 160.0000 30.7500 30.4471 0.30 0.98
076 1 0 1 3 0 0 2.9244 170.0000 30.6800 30.5155 0.16 0.54
076 1 0 1 3 0 0 2.9244 180.0000 30.6700 30.6308 0.04 0.13
] 076 1 0 1 3 0 0 2.9244 190.0000 30.7300 30.7929 -0.06 -0.20
076 1 0 1 3 0 0 2.9244 200.0000 30.8800 31.0018 -0.12 -0.39
! 076 1 0 1 3 0 0 2.9244 210.0000 31.0800 31.2577 -0.18 -0.57
076 1 0 1 3 0 0 2.9244 220.0000 31.3300 31.5603 -0.23 -0.74
076 1 0 1 3 0 0 2.9244 230.0000 31.6500 31.9099 -0.26 -0.82
076 1 0 1 3 0 0 2.9244 240.0000 32.0200 32.3062 -0.29 -0.89
076 1 0 1 3 0 0 2.9244 250.0000 32.4300 32.7495 -0.32 -0.99
076 1 0 1 3 0 0 2.9244 260.0000 32.9100 33.2396 -0.33 -1.00
076 1 0 1 3 0 0 2.9244 270.0000 33.4400 33.7765 -0.34 -1.01
076 1 0 1 3 0 0 2.9244 280.0000 33.9400 34.3604 -0.42 -1.24076 1 0 1 3 0 0 2.9244 290.0000 34.5500 34.9910 -0.44 -1.28
076 1 0 1 3 0 0 2.9244 300.0000 35.1500 35.6685 -0.52 -1.48
1 076 1 0 1 3 0 0 2.9244 310.0000 35.8100 36.3929 -0.58 -1.63077 1 0 1 3 0 0 2.9244 190.0000 31.1300 30.7929 0.34 1.081 077 1 0 1 3 0 0 2.9244 200.0000 31.2200 31.0018 0.22 0.70077 1 0 1 3 0 0 2.9244 210.0000 31.4000 31.2577 0.14 0.451 077 1 0 1 3 0 0 2.9244 220.0000 31.6900 31.5603 0.13 0.41077 1 0 1 3 0 0 2.9244 230.0000 32.0200 31.9099 0.11 0.34
077 1 0 1 3 0 0 2.9244 240.0000 32.4300 32.3062 0.12 0.38
251
077 1 0  1 3 0 0 2.9244 250.0000 32.9000 32.7495 0.15 0.46
077 1 0  1 3 0 0 2.9244 260.0000 33.4000 33.2396 0.16 0.48
077 1 0  1 3 0 0 2.9244 270.0000 33.9300 33.7765 0.15 0.45
077 1 0  1 3 0 0 2.9244 280.0000' 34.5300 34.3604 0.17 0.49
077 1 0  1 3 0 0 2.9244 290.0000 35.1300 34.9910 0.14 0.40
077 1 0 1 3 0 0 2.9244 300.0000 35.7500 35.6685 0.08 0.23
077 1 0 1 3 0 0 2.9244 310.0000 36.4900 36.3929 0.10 0.27
AVERAGE ABSOLUTE ERROR : 0.911
AVERAGE PERCENT DEVIATION : 2.790
Number of data points = 125 
Estimation accuracy, cal/mk
Accuracy range Ne* %
Within + 0.5 50 40.00
Within ±1.0 66 52.80
Better than ±2.0 119 95.20


















CORRECTION TERMS ARE :
BAL 0.00000






CID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
078 1 2.4334 182.8265 27.6100 27.1613 0.45 1.63
078 1 1 2.4334 192.8265 27.7700 27.5841 0.19 0.67
078 1 1 1 1 2.4334 202.8265 28.0000 28.0043 -0.00 -0.02
078 1 1 1 1 2.4334 212.8265 28;2600 28.4221 -0.16 -0.57
078 1 1 1 2.4334 222.8265 28.5100 28.8373 -0.33 -1.15
078 1 1 1 1 2.4334 232.8265 28.8700 29.2501 -0.38 -1.32
078 1 1 1 1 2.4334 242.8265 29.4000 29.6603 -0.26 —0.89
078 1 1 1 1 2.4334 252.8265 29.9700 30.0680 -0.10 — 0.33
078 1 1 1 1 2.4334 262.8265 30.5200 30.4733 0.05 0.15
078 1 1 1 1 2.4334 272.8265 31.0700 30.8760 0.19 0.62
078 1 1 1 1 2.4334 282.8265 31.6500 31.2762 0.37 1.18
079 2 0 2 0 2.8265 252.8265 28.5100 28.5326 -0.02 -0.08
079 2 0 2 0 2.8265 262.8265 28.7800 28.8771 -0.10 -0.34
079 2 0 2 0 2.8265 272.8265 29.0800 29.2158 -0.14 -0.47
079 2 0 2 0 2.8265 282.8265 29.3800 29.5488 -0.17 -0.57











AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 













Accuracy range Nc* %
Within +0.5 19 100.00
Within ± 1.0 19 100.00
Better than +2.0 19 100.00






























CORRECTION TERMS ARE :
BAL 1.88870




CID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
100 0 4 0 0 2.0000 190.0000 21.4700 22.0809 -0.81 -2.85
100 0 4 0 0 2.0000 200.0000 21.7700 22.2138 -0.44 -2.04
100 0 4 0 0 2.0000 210.0000 22.0900 22.4185 -0.33 -1.49
100 0 4 0 0 2.0000 220.0000 22.4100 22.6950 -0.29 -1.27
100 0 4 0 0 2.0000 230.0000 22.7800 23.0433 -0.28 -1.24
100 0 4 0 0 2.0000 240.0000 23.1200 23.4835 -0.34 -1.49
100 0 4 0 0 2.0000 250.0000 23.5000 23.9554 -0.48 -1.94
100 0 4 0 0 2.0000 280.0000 23.9300 24.5191 -0.59 -2.46
100 0 4 0 0 2.0000 270.0000 24.4800 25.1547 -0.89 -2.84
100 0 4 0 0 2.0000 280.0000 25.0200 25.8821 — 0.84 -3.37
104 0 8 0 0 2.0000 290.0000 50.8800 49.9050 0.77 1.53
104 0 8 0 0 2.0000 290.0000 50.8800 49.9050 0.77 1.53
104 0 8 0 0 2.0000 300.0000 51.8800 51.8070 0.07 0.14
104 0 8 0 0 2.0000 300.0000 51.8800 51.8070 0.07 0.14
104 0 8 0 0 2.0000 310.0000 53.7800 53.4528 0.33 0.81
104 0 8 0 0 2.0000 310.0000 53.7800 53.4528 0.33 0.61
104 0 8 0 0 2.0000 320.0000 54.8800 55.4418 -0.58 -1.08
104 0 8 0 0 2.0000 320.0000 54.8800 55.4418 -0.58 -1.08
107 0 3 0 0 2.2500 150.0000 18.1400 17.9871 0.17 0.95
107 0 3 0 0 2.2500 180.0000 18.0100 17.8513 0.18 0.88
253
107 0 3 0 0 2.2500 170.0000 17.9700 17.7894 0.18 1.00
107 0 3 0 0 2.2500 180.0000 18.0100 17.7814 0.23 1.27
107 0 3 0 0 2.2500 190.0000 18.0800 17.8272 0.25 1.40
107 0 3 0 0 2.2500 200.0000 18.2300 17.9269 0.30 1.66
107 0 3 0 0 2.2500 210.0000 18.4200 18.0804 0.34 1.84
107 0 3 0 0 2.2500 220.0000 18.7100 18.2878 0.42 2.26
107 0 3 0 0 2.2500 230.0000 19.0700 18.5490 0.52 2.73
107 0 3 0 0 2.2500 240.0000 19.5200 18.8641 0.66 3.36
108 1 3 1 0 2.0797 140.0000 25.6570 25.4860 0.17 0.67
108 1 3 1 0 2.0797 150.0000 25.5614 25.4981 0.06 0.25
108 1 3 1 0 2.0797 160.0000 25.5375 25.5634 -0.03 -0.10
108 1 3 1 0 2.0797 170.0000 25.6092 25.6820 -0.07 -0.28
108 1 3 1 0 2.0797 180.0000 25.7286 25.8539 -0.13 -0.49
108 1 3 1 0 2.0797 190.0000 25.9436 26.0791 -0.14 -0.52
108 1 3 1 0 2.0797 200.0000 26.2781 26.3576 -0.08 -0.30
108 1 3 1 0 2.0797 210.0000 26.6603 26.6893 -0.03 -0.11
108 1 3 1 0 2.0797 220.0000 27.0425 27.0743 -0.03 — 0.12
108 1 3 1 0 2.0797 230.0000 27.5442 27.5126 0.03 0.11
108 1 3 1 0 2.0797 240.0000 28.0698 28.0042 0.07 0.23
108 1 3 1 0 2.0797 250.0000 28.6431 28.5491 0.09 0.33
108 1 3 1 0 2.0797 260.0000 29.2403 29.1472 0.09 0.32
108 1 3 1 0 2.0797 270.0000 29.8853 29.7986 0.09 0.29
108 1 3 1 0 2.0797 280.0000 30.6020 30.5033 0.10 0.32
108 1 3 1 0 2.0797 290.0000 31.3187 31.2613 0.06 0.18
108 1 3 1 0 2.0797 300.0000 32.0592 32.0726 -0.01 -0.04
108 1 3 1 0 2.0797 310.0000 32.7281 32.9371 -0.21 -0.64
110 0 4 0 1 1.9989 170.0000 25.8100 25.7736 0.04 0.14
110 0 4 0 1 1.9989 180.0000 26.0200 26.0048 0.02 0.06
110 0 4 0 1 1.9989 190.0000 26.2600 26.2815 -0.02 -0.08
110 0 4 0 1 1.9989 200.0000 26.5700 26.6039 -0.03 -0.13
110 0 4 0 1 1.9989 210.0000 26.9400 26.9719 -0.03 -0.12
110 0 4 0 1 1.9989 220.0000 27.3600 27.3856 -0.03 -0.09
110 0 4 0 1 1.9989 230.0000 27.8300 27.6448 -0.01 -0.05
110 0 4 0 1 1.9989 240.0000 28.3500 28.3496 0.00 0.00
110 0 4 0 1 1.9989 250.0000 28.9100 28.9000 0.01 0.03
110 0 4 0 1 1.9989 260.0000 29.5300 29.4961 0.03 0.11
110 0 4 0 1 1.9989 270.0000 30.1800 30.1377 0.04 0.14
110 0 4 0 1 1.9989 280.0000 30.8500 30.8250 0.03 0.08
110 0 4 0 1 1.9989 290.0000 31.5500 31.5579 -0.01 -0.02
110 0 4 0 1 1.9989 300.0000 32.2800 32.3363 -0.06 -0.17
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 





Within + 0.5 
Within t 1.0 
Better than ±2.0 













CLASS NAME : ALKYLBENZENES
254
INPUT COEFFICIENTS
Group No AD j A1 * T A2 * T*T
-CH3- G1 8.9561 -0.13508E-01 0.43410E-04
-CH2- G2 4.4126 0.90310E-02 0.18400E-05
=RCH- G3 3.0137 O.OOOOOE+00 0.18030E-04
=RC< G4 -0.6700 0.11500E-02 0.84600E-05
CORRECTION TERMS ARE :
BAL 1.71190
INPUT DATA AND RESULTS
CID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
113 2 0 4 2 3.1337 290.0000 42.8500 41.6138 1.24 2.89
113 2 0 4 2 3.1337 300.0000 42.5900 42.4042 0.19 0.44
113 2 0 4 2 3.1337 310.0000 44.3300 43.2298 1.10 2.48
113 2 0 4 2 3.1337 320.0000 45.1300 44.0905 1.04 2.30
113 2 0 4 2 3.1337 330.0000 45.9400 44.9865 0.95 2.08
113 2 0 4 2 3.1337 340.0000 46.7100 45.9176 0.79 1.70
115 4 0 2 4 3.3411 250.0000 46.7600 47.7547 -0.99 -2.13
115 4 0 2 4 3.3411 260.0000 47.7900 48.5024 -0.71 -1.49
115 4 0 2 4 3.3411 270.0000 48.8500 49.2989 -0.45 -0.92
115 4 0 2 4 3.3411 280.0000 49.1900 50.1440 -0.95 -1.94
115 4 0 2 4 3.3411 290.0000 49.9300 51.0379 -1.11 -2.22
115 4 0 2 4 3.3411 300.0000 51.0500 51.9804 -0.93 -1.82
115 4 0 2 4 3.3411 310.0000 51.9700 52.9717 -1.00 -1.93
115 4 0 2 4 3.3411 320.0000 52.1600 54.0117 -1.85 -3.55
115 4 0 2 4 3.3411 330.0000 53.3300 55.1004 -1.77 -3.32
115 4 0 2 4 3.3411 340.0000 54.4700 56.2378 -1.77 -3.25
118 2 0 4 2 3.0765 230.0000 39.4000 37.5120 1.89 4.79
118 2 0 4 2 3.0765 240.0000 39.7100 38.0914 1.62 4.08
118 2 0 4 2 3.0765 250.0000 40.1700 38.7059 1.46 3.64
118 2 0 4 2 3.0765 260.0000 40.7800 39.3556 1.42 3.49
118 2 0 4 2 3.0765 270.0000 41.5000 40.0405 1.46 3.52
118 2 0 4 2 3.0765 280.0000 42.6300 40.7606 1.77 4.16
118 2 0 4 2 3.0765 290.0000 43.1300 41.5158 1.61 3.74
118 2 0 4 2 3.0765 300.0000 43.9300 42.3063 1.62 3.70
118 2 0 4 2 3.0765 320.0000 45.6000 43.9926 1.61 3.52
120 2 0 4 2 3.0313 290.0000 42.8500 41.4385 1.41 3.29
120 2 0 4 2 3.0313 300.0000 43.5900 42.2289 1.36 3.12
120 2 0 4 2 3.0313 310.0000 44.3300 43.0545 1.28 2.88
120 2 0 4 2 3.0313 320.0000 45.1300 43.9152 1.21 2.69
120 2 0 4 2 3.0313 330.0000 45.9400 44.8112 1.13 2.46
120 2 0 4 2 3.0313 340.0000 46.7100 45.7423 0.97 2.07
120 2 0 4 2 3.0313 350.0000 47.6000 46.7085 0.89 1.87
120 2 0 4 2 3.0313 360.0000 48.5400 47.7100 0.83 1.71
120 2 0 4 2 3.0313 370.0000 49.4500 48.7466 0.70 1.42
120 2 0 4 2 3.0313 380.0000 50.4000 49.8184 0.58 1.15
120 2 0 4 2 3.0313 390.0000 51.3200 50.9253 0.39 0.77
120 2 0 4 2 3.0313 400.0000 52.2300 52.0675 0.16 0.31
122 1 0 5 1 3.0202 180.0000 32.3900 30.9019 1.49 4.59
122 1 0 5 1 3.0202 190.0000 32.5300 31.3038 1.23 3.77
122 1 0 5 1 3.0202 200.0000 32.7500 31.7341 1.02 3.10
122 1 0 5 1 3.0202 210.0000 33.0200 32.1928 0.83 2.51
122 1 0 5 1 3.0202 220.0000 33.3600 32.6799 0.68 2.04
122 1 0 5 1 3.0202 230.0000 33.7500 33.1954 0.55 1.64
255
122 1 0 5 1 3.0202 240.0000 34.1800 33.7393 0.44 1.29
122 1 0 5 1 3.0202 250.0000 34.6800 34.3116 0.37 1.06
122 1 0 5 1 3.0202 260.0000 35.2100 34.9124 0.30 0.85
122 1 0 5 1 3.0202 270.0000 35.7800 35.5415 0.24 0.67
122 1 0 5 1 3.0202 280.0000 36.3900 36.1990 0.19 0.52
122 1 0 5 1 3.0202 290.0000 37.0400 36.8849 0.16 0.42
122 1 0 5 1 3.0202 300.0000 37.7000 37.5993 0.10 0.27
122 1 0 5 1 3.0202 310.0000 38.4000 38.3420 0.06 0.15
122 1 0 5 1 3.0125 320.0000 39.1200 39.1000 0.02 0.05
122 1 0 5 1 3.0125 330.0000 39.8600 39.8995 -0.04 -0.10
122 1 0 5 1 3.0125 340.0000 40.5800 40.7275 -0.15 -0.36
122 1 0 5 1 3.0125 350.0000 41.2900 41.5838 -0.29 -0.71
122 1 0 5 1 3.0125 360.0000 42.0700 42.4686 -0.40 -0.95
127 0 0 6 0 2.9985 280.0000 31.5900 31.6966 -0.11 -0.34
127 0 0 6 0 2.9985 290.0000 32.1000 32.3133 -0.21 — 0.66
127 0 0 6 0 2.9985 300.0000 32.6200 32.9515 -0.33 -1.02
127 0 0 6 0 2.9985 310.0000 33.1600 33.6114 -0.45 -1.36
127 0 0 6 0 2.9985 320.0000 33.6900 34.2930 -0.60 -1.79
127 0 0 6 0 2.9985 330.0000 34.2600 34.9961 -0.74 -2.15
127 0 0 6 0 2.9985 340.0000 34.8700 35.7209 -0.85 -2.44
127 0 0 6 0 2.9985 350.0000 35.5000 36.4674 -0.97 -2.73
131 1 1 5 1 2.8321 180.0000 37.6100 36.6777 0.93 2.48
131 1 1 5 1 2.8321 190.0000 37.9100 37.1767 0.73 1.93
131 1 1 5 1 2.8321 200.0000 38.2600 37.7045 0.56 1.45
131 1 5 1 2.8321 210.0000 38.6700 38.2610 0.41 1.06
131 1 5 1 2.8321 220.0000 39.1500 38.8464 0.30 0.78
131 1 1 5 1 2.8321 230.0000 39.7100 39.4605 0.25 0.63
131 1 1 5 1 2.8321 240.0000 40.2900 40.1033 0.19 0.46
131 1 1 5 1 2.8321 250.0000 40.9000 40.7750 0.13 0.31
131 1 1 5 1 2.8321 260.0000 41.5900 41.4754 0.11 0.28
131 1 5 1 2.8321 270.0000 42.2700 42.2046 0.07 0.15
131 1 1 5 1 2.8321 280.0000 43.0300 42.9625 0.07 0.16
131 1 1 5 1 2.8321 290.0000 43.7900 43.7493 0.04 0.09
131 1 1 5 1 2.8321 300.0000 44.6300 44.5648 0.07 0.15
135 3 5 1 2.3736 190.0000 49.6000 48.7816 0.82 1.65
135 1 3 5 1 2.3736 200.0000 50.0500 49.5044 0.55 1.09
135 3 5 1 2.3736 210.0000 50.5900 50.2566 0.33 0.66
135 1 3 5 1 2.3736 220.0000 51.2300 51.0384 0.19 0.37
135 1 3 5 1 2.3736 230.0000 51.9300 51.8497 0.08 0.15
135 3 5 1 2.3736 240.0000 52.6900 52.6905 -0.00 -0.00
135 3 5 1 2.3736 250.0000 53.5200 53.5608 -0.04 -0.08
135 1 3 5 1 2.3736 260.0000 54.4000 54.4606 -0.06 -0.11
135 1 3 5 1 2.3736 270.0000 55.3300 55.3899 -0.06 -0.11
135 1 3 5 1 2.3736 280.0000 56.3100 56.3487 -0.04 -0.07
135 1 3 5 1 2.3736 290.0000 57.3100 57.3370 -0.03 -0.05
135 1 3 5 1 2.3736 300.0000 58.3600 58.3549 0.01 0.01
135 1 3 5 1 2.3736 310.0000 59.4400 59.4022 0.04 0.06
135 1 3 5 1 2.3736 320.0000 60.5400 60.4791 0.06 0.10
135 1 3 5 1 2.3736 330.0000 61.6300 61.5854 0.04 0.07
135 1 3 5 1 2.3736 340.0000 62.7300 62.7213 0.01 0.01
135 1 3 5 1 2.3736 350.0000 63.8300 63.8867 -0. 06 -0.09
135 1 3 5 1 2.3736 360.0000 64.9300 65.0815 -0.15 -0.23
135 1 3 5 1 2.3736 370.0000 66.0100 66.3059 -0.30 -0.45
135 1 3 5 1 2.3736 380.0000 67.1200 67.5598 -0.44 -0.66
136 1 2 5 1 2.6149 173.6000 43.5500 42.0374 1.51 3.47
136 1 2 5 1 2.6149 180.0000 43.6700 42.4036 1.27 2.90
136 1 2 5 1 2.6149 190.0000 43.9500 42.9998 0.95 2.16
136 1 2 5 1 2.6149 200.0000 44.3300 43.6250 0.70 1.59
256
136 1 2 5 1 2.6149 210.0000 44 ; 7900 44.2795 0.51 1.14
136 1 2 5 1 2.6149 220.0000 45.3200 44.9630 0.36 0.79
136 1 2 5 1 2.6149 230.0000 45.9100 45.6757 0.23 0.51
136 1 2 5 1 2.6149 240.0000 46.5600 46.4175 0.14 0.31
136 1 2 5 1 2.6149 250.0000 47.2600 47.1885 0.07 0.15
136 1 2 5 1 2.6149 260.0000 48.0200 47.9886 0.03 0.07
136 1 2 5 1 2.6149 270.0000 48.8400 48.8179 0.02 0.05
136 1 2 5 1 2.6149 280.0000 49.6900 49.6762 0.01 0.03
136 1 2 5 1 2.6149 290.0000 50.5800 50.5638 0.02 0.03
136 1 2 5 1 2.6149 300.0000 51.4900 51.4804 0.01 0.02
136 1 2 5 1 2.6149 310.0000 52.4300 52.4263 0.00 0.01
136 1 2 5 1 2.6149 320.0000 53.3800 53.4012 -0.02 -0.04
136 1 2 5 1 2.6149 330.0000 54.3400 54.4053 -0.07 -0.12
136 1 2 5 1 2.6149 340.0000 55.3200 55.4385 -0.12 -0.21
136 1 2 5 1 2.6149 350.0000 56.3100 56.5009 -0.19 -0.34
136 1 2 5 1 2.6149 360.0000 57.3100 57.5924 -0.28 -0.49
136 1 2 5 1 2.6149 370.0000 58.3700 58.7131 -0.34 -0.59
639 2 1 5 1 2.8474 130.0000 42.1930 42.5741 -0.38 — 0.90
639 2 1 5 1 2.8474 140.0000 42.0999 42.9114 -0.81 -1.93
639 2 1 5 1 2.8474 150.0000 42.1572 43.2861 -1.13 -2.68
639 2 1 5 1 2.8474 160.0000 42.3340 43.6983 -1.36 -3.22
639 2 1 5 1 2.8474 170.0000 42.3746 44.1479 -1.77 -4.18
639 2 1 5 1 2.8474 180.0000 42.9766 44.6350 -1.66 -3.86
639 2 1 5 1 2.8474 190.0000 43.4161 45.1596 -1.74 -4.02
639 2 1 5 1 2.8474 200.0000 43.9035 45.7216 -1.82 -4.14
639 2 1 5 1 2.8474 210.0000 44.4577 46.3210 -1.86 -4.19
639 2 1 5 1 2.8474 220.0000 45.0764 46.9579 -1.88 -4.17
639 2 1 5 1 2.8474 230.0000 45.7430 47.6323 -1.89 -4.13
639 2 1 5 1 2.8474 240.0000 46.4333 48.3441 -1.91 -4.12
639 2 1 5 1 2.8474 250.0000 47.1739 49.0934 -1.92 -4.07
639 2 1 5 1 2.8474 260.0000 47.9885 49.8801 -1.89 -3.94
639 2 1 5 1 2.8474 270.0000 48.8509 50.7043 -1.85 -3.79
639 2 1 5 1 2.8474 280.0000 49.7420 51.5659 -1.82 -3.67
639 2 1 5 1 2.8474 290.0000 50.6785 52.4650 -1.79 -3.53
639 2 1 5 1 2.8474 300.0000 51.6364 53.4016 -1.77 -3.42
639 2 1 5 1 2.8474 310.0000 52.5944 54.3756 -1.78 -3.39
AVERAGE ABSOLUTE ERROR ; 0.731
AVERAGE PERCENT DEVIATION : 




Within ± 0.5 
Within ± 1.0 
Better than ±2.0 












CLASS NAME : CYCLOPENTANES
257
INPUT COEFFICIENTS
Group No AO A1 * T A2 * T*T
-CH3- G1 8.9561 -0.13508E-01 0.43410E-04
-CH2- G2 4.4126 0.90310E-02 0.18400E-05
P>RCH2 G3 5.1401 —0.26419E—01 0.80950E-04
p>RCH- G4 -7.6250 0.72840E-01 -0.14190E-03
P>RC< G5 -2.6290 0.OOOOOE+00 0.23100E-04
CORRECTION TERMS ARE :
BAL 4.20940
INPUT DATA AND RESULTS
CID G1 G2 G3 G4 G5 BAL TEMP CPo CPc AER APD
143 2 0 3 2 0 2.3253 230.0000 39.3100 39.3608 -0.05 -0.13
143 2 0 3 2 0 2.3253 240.0000 40.0500 39.9704 0.08 0.20
143 2 0 3 2 0 2.3253 250.0000 40.8100 40.5892 0.22 0.54
143 2 0 3 2 0 2.3253 260.0000 41.6500 41.2172 0.43 1.04
143 2 0 3 2 0 2.3253 270.0000 42.5400 41.8544 0.69 1.61
143 2 0 3 2 0 2.3253 280.0000 43.4500 42.5008 0.95 2.18
143 2 0 3 2 0 2.3253 290.0000 44.2900 43.1563 1.13 2.56
143 2 0 3 2 0 2.3253 300.0000 45.1200 43.8210 1.30 2.88
144 2 0 3 2 0 2.2572 150.0000 34.7700 34.5271 0.24 0.70
144 2 0 3 2 0 2.2572 160.0000 35.1700 35.0633 0.11 0.30
144 2 0 3 2 0 2.2572 170.0000 35.6200 35.6088 0.01 0.03
144 2 0 3 2 0 2.2572 180.0000 36.0900 36.1634 -0.07 -0.20
144 2 0 3 2 0 2.2572 190.0000 36.6100 36.7272 -0.12 -0.32
144 2 0 3 2 0 2.2572 200.0000 37.1800 37.3002 -0.12 -0.32
144 2 0 3 2 0 2.2572 210.0000 37.8000 37.8823 -0.08 -0.22
144 2 0 3 2 0 2.2572 220.0000 38.4500 38.4736 -0.02 -0. 06
144 2 0 3 2 0 2.2572 230.0000 39.0800 39.0741 0.01 0.02
144 2 0 3 2 0 2.2572 240.0000 39.8400 39.6837 0.16 0.39
144 2 0 3 2 0 2.2572 250.0000 40.5800 40.3026 0.28 0.68
144 2 0 3 2 0 2.2572 260.0000 41.5200 40.9306 0.59 1.42
144 2 0 3 2 0 2.2572 270.0000 42.3700 41.5678 0.80 1.89
144 2 0 3 2 0 2.2572 280.0000 43.3100 42.2141 1.10 2.53
144 2 0 3 2 0 2.2572 290.0000 44.2200 42.8697 1.35 3.05
144 2 0 3 2 0 2.2572 300.0000 45.2300 43.5344 1.70 3.75
145 2 0 4 0 1 2.3997 210.0000 36.9100 37.2066 -0.30 -0.80
145 2 0 4 0 1 2.3997 220.0000 37.5700 37.7447 -0.17 -0.47
145 2 0 4 0 1 2.3997 230.0000 38.3700 38.3695 0.00 0.00
145 2 0 4 0 1 2.3997 240.0000 39.2800 39.0811 0.20 0.51
145 2 0 4 0 1 2.3997 250.0000 40.1000 39.8794 0.22 0.55
145 2 0 4 0 1 2.3997 260.0000 41.0000 40.7644 0.24 0.57
145 2 0 4 0 1 2.3997 270.0000 41.9300 41.7362 0.19 0.46
145 2 0 4 0 1 2.3997 280.0000 42.9100 42.7948 0.12 0.27
145 2 0 4 0 1 2.3997 290.0000 43.8300 43.9401 -0.11 -0.25
145 2 0 4 0 1 2.3997 300.0000 44.8300 45.1721 -0.34 -0.76
147 0 0 5 0 0 2.0834 180.0000 23.8800 23.8072 0.07 0.31
147 0 0 5 0 0 2.0834 190.0000 24.1400 23.9838 0.16 0.65
147 0 0 5 0 0 2.0834 200.0000 24.4500 24.2414 0.21 0.85
147 0 0 5 0 0 2.0834 210.0000 24.8400 24.5799 0.26 1.05
147 0 0 5 0 0 2.0834 220.0000 25.2800 24.9994 0.28 1.11
147 0 0 5 0 0 2.0834 230.0000 25.7600 25.4998 0.26 1.01
147 0 0 5 0 0 2.0834 240.0000 26.2800 26.0812 0.20 0.76
147 0 0 5 0 0 2.0834 250.0000 26.8700 26.7435 0.13 0.47
258
147 0 0 5 0 0 2.0834 260.0000 27.5200 27.4868 0.03 0.12
147 0 0 5 0 0 2.0834 270.0000 28.2200 28.3110 -0.09 -0.32
147 0 0 5 0 0 2.0834 280.0000 28.9300 29.2162 -0.29 -0.99
147 0 0 5 0 0 2.0834 290.0000 29.6800 30.2023 -0.52 -1.76
147 0 0 5 0 0 2.0834 300.0000 30.4400 31.2694 — 0.83 -2.72
148 1 1 4 1 0 2.1400 140.0000 35.0700 34.5405 0.53 1.51
146 1 1 4 1 0 2.1400 150.0000 35.2400 34.8261 0.41 1.17
148 1 1 4 1 0 2.1400 160.0000 35.4300 35.1572 0.27 0.77
148 1 1 4 1 0 2.1400 170.0000 35.6900 35.5336 0.16 0.44
148 1 1 4 1 0 2.1400 180.0000 36.0100 3519555 0.05 0.15
148 1 1 4 1 0 2.1400 190.0000 36.4000 36.4229 -0.02 -0.06
148 1 1 4 1 0 2.1400 200.0000 36.8900 36.9356 -0.05 -0.12
148 1 1 4 1 0 2.1400 210.0000 37.4100 37.4938 — 0.08 -0.22
148 1 1 4 1 0 2.1400 220.0000 38.0200 38.0974 — 0.08 -0.20
148 1 1 4 1 0 2.1400 230.0000 38.6600 38.7465 -0.09 -0.22
148 1 1 4 1 0 2.1400 240.0000 39.2500 39.4409 -0.19 -0.49
148 1 4 1 "0 2.1400 250.0000 40.1300 40.1808 -0.05 -0.13
148 1 1 4 1 0 2.1400 260.0000 40.9600 40.9662 -0.01 -0.02
148 1 1 4 1 0 2.1400 270.0000 41.8100 41.7969 0.01 0.03
148 1 1 4 1 0 2.1400 280.0000 42.7000 42.6731 0.03 0.06
148 1 1 4 1 0 2.1400 290.0000 43.6600 43.5948 0.07 0.15
148 1 1 4 1 0 2.1400 300.0000 44.7100 44.5618 0.15 0.33
149 1 0 4 1 0 2.5000 140.0000 29.8900 30.3429 -0.45 -1.52
149 1 0 4 1 0 2.5000 150.0000 29.9800 30.5329 -0.55 -1.84
149 1 0 4 1 0 2.5000 160.0000 30.1400 30.7679 -0.63 -2.08
149 1 0 4 1 0 2.5000 170.0000 30.3500 31.0480 -0.70 -2.30
149 1 0 4 1 0 2.5000 180.0000 30.6100 31.3731 -0.76 -2.49
149 1 0 4 1 0 2.5000 190.0000 30.9200 31.7433 -0.82 -2.66
149 1 0 4 1 0 2.5000 200.0000 31.3100 32.1586 -0.85 -2.71
149 1 0 4 1 0 2.5000 210.0000 31.7800 32.6189 -0.84 -2.64
149 1 0 4 1 0 2.5000 220.0000 32.2900 33.1243 -0.83 -2.58
149 1 0 4 1 0 2.5000 230.0000 32.8500 33.6748 -0.82 -2.51
149 1 0 4 1 0 2.5000 240.0000 33.4600 34.2703 -0.81 -2.42
149 1 0 4 1 0 2.5000 250.0000 34.1300 34.9109 -0.78 -2.29
149 1 0 4 1 0 2.5000 260.0000 34.8400 35.5965 -0.76 -2.17
149 1 0 4 1 0 2.5000 270.0000 35.6000 36.3272 -0.73 -2.04
149 1 0 4 1 0 2.5000 280.0000 36.4000 37.1030 -0.70 -1.93
149 1 0 4 1 0 2.5000 290.0000 37.2200 37.9238 -0.70 -1.89
149 1 0 4 1 0 2.5000 300.0000 38.0900 38.7897 -0.70 -1.84
150 1 3 4 2 0 1.9787 165.0000 48.2300 47.0967 1.13 2.35
150 1 3 4 2 0 1.9787 170.0000 48.3800 47.5136 0.87 1.79
150 1 3 4 2 0 1.9787 180.0000 48.7300 48.3608 0.37 0.76
150 1 3 4 2 0 1.9787 190.0000 49.1500 49.2257 — 0.08 -0.15
150 1 3 4 2 0 1.9787 200.0000 49.6600 50.1084 -0.45 -0.90
150 1 3 4 2 0 1.9787 210.0000 50.2800 51.0089 -0.73 -1.45
150 1 3 4 2 0 1.9787 220.0000 50.9500 51.9272 — 0.98 -1.92
150 1 3 4 2 0 1.9787 230.0000 51.7200 52.8633 -1.14 -2.21
150 1 3 4 2 0 1.9787 240.0000 52.5600 53.8172 -1.26 -2.39
150 1 3 4 2 0 1.9787 250.0000 53.7400 54.7888 -1.05 -1.95
150 1 3 4 2 0 1.9787 260.0000 54.4400 55.7782 -1.34 -2.46
150 1 3 4 2 0 1.9787 270.0000 55.4700 56.7855 -1.32 -2.37
150 1 3 4 2 0 1.9787 280.0000 56.5500 57.8105 -1.26 -2.23
150 1 3 4 2 0 1.9787 290.0000 57.6800 58.8533 -1.17 -2.03
150 1 3 4 2 0 1.9787 300.0000 58.8600 59.9138 -1.05 -1.79
150 1 3 4 2 0 1.9787 310.0000 60.0700 60.9922 -0.92 -1.54
150 1 3 4 2 0 1.9787 320.0000 61.2900 62.0884 -0.80 -1.30
150 1 3 4 2 0 1.9787 330.0000 62.5200 63.2023 —0.68 -1.09
150 1 3 4 2 0 1.9787 340.0000 63.7900 64.3340 -0.54 —0.85
259
150 1 3 4 2 0 1.9787 350.0000 65.0700 65.4835 -0.41 “0.64
150 1 3 4 2 0 1.9787 360.0000 66.3200 66.6508 -0.33 -0.50
150 1 3 4 2 0 1.9787 370.0000 67.5800 67.8359 -0.26 -0.38
151 1 9 4 1 0 1.7268 260.0000 97.1600 94.3072 2.85 2.94
151 1 9 4 1 0 1.7268 270.0000 98.0000 95.9385 2.06 2.10
151 1 9 4 1 0 1.7268 280.0000 99.2200 97.6181 1.60 1.61
151 1 9 4 1 0 1.7268 290.0000 100.6500 99.3461 1.30 1.30
151 1 9 4 1 0 1.7268 300.0000 102.2400 101.1225 1.12 1.09
151 1 9 4 1 0 1.7268 310.0000 103.9900 102.9472 1.04 1.00
151 1 9 4 1 0 1.7268 320.0000 105.7200 104.8204 0.90 0.85
152 1 2 4 1 0 2.0584 160.0000 41.5000 40.7184 0.78 1.88
152 1 2 4 1 0 2.0584 170.0000 41.8200 41.1912 0.63 1.50
152 1 2 4 1 0 2.0584 180.0000 42.1900 41.7098 0.48 1.14
152 1 2 4 1 0 2.0584 190.0000 42.6400 42.2743 0.37 0.86
152 1 2 4 1 0 2.0584 200.0000 43.1700 42.8845 0.29 0.66
152 1 2 4 1 0 2.0584 210.0000 43.7600 43.5406 0.22 0.50
162 1 2 4 1 0 2.0584 220.0000 44.4400 44.2424 0.20 0.44
152 1 2 4 1 0 2.0584 230.0000 45.1800 44.9900 0.19 0.42
152 1 2 4 1 0 2.0584 240.0000 45.9900 45.7835 0.21 0.45
152 1 2 4 1 0 2.0584 250.0000 46.8500 46.6227 0.23 0.49
152 1 2 4 1 0 2.0684 260.0000 47.7600 47.5077 0.25 0.53
152 1 2 4 1 0 2.0584 270.0000 48.7400 48.4386 0.30 0.62
152 1 2 4 1 0 2.0584 280.0000 49.7500 49.4152 0.33 0.67
152 1 2 4 1 0 2.0584 290.0000 50.8000 50.4376 0.36 0.71
152 1 2 4 1 0 2.0584 300.0000 51.8900 51.5058 0.38 0.74
152 1 2 4 1 0 2.0584 310.0000 53.0000 52.6198 0.38 0.72
152 1 2 4 1 0 2.0584 320.0000 54.1400 53.7797 0.36 0.67
152 1 2 4 1 0 2.0584 330.0000 55.2900 54.9853 0.30 0.55
152 1 2 4 1 0 2.0584 340.0000 56.4400 56.2367 0.20 0.36
152 1 2 4 1 0 2.0584 350.0000 57.6100 57.5339 0.08 0.13
152 1 2 4 1 0 2.0584 360.0000 58.8000 58.8769 -0.08 -0.13
152 1 2 4 1 0 2.0584 370.0000 59.9800 60.2657 -0.29 -0.48
AVERAGE ABSOLUTE ERROR : 0.511
AVERAGE PERCENT DEVIATION : 1.109
Number of data points = 132 
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within i 0.5 79 59.85
Within ±1.0 112 84.85
Better than ±2.0 130 98.48
Higher than ±2.0 2 1.52
Maximum Deviation 2.85

















CORRECTION TERMS ARE :
BAL -1.73740







CID Q1 G2 G3 G4 G5 BAL TEMP CPo CPc AER APD
153 2 0 5 1 0 2.3279 240.0000 43.8300 43.4822 0.35 0.79
153 2 0 5 1 0 2.3279 250.0000 44.7900 44.6397 0.15 0.34
153 2 0 5 1 0 2.3279 260.0000 45.8000 45.8541 -0.05 -0.12
153 2 0 5 1 0 2.3279 270.0000 46.8500 47.1252 -0.28 -0.59
153 2 0 5 1 0 2.3279 280.0000 47.9400 48.4532 -0.51 -1.07
153 2 0 5 1 0 2.3279 290.0000 49.0500 49.8381 -0.79 -1.61
153 2 0 5 1 0 2.3279 300.0000 50.2300 51.2797 -1.05 -2.09
154 0 0 6 0 0 2.0000 280.0000 35.6900 33.8084 1.88 5.27
154 0 0 6 0 0 2.0000 290.0000 36.6100 34.4301 2.18 5.95
154 0 0 6 0 0 2.0000 300.0000 37.5300 35.0992 2.43 6.48
155 1 0 5 0 1 2.1929 150.0000 33.4400 33.7879 — 0.35 -1.04
155 1 0 5 0 1 2.1929 160.0000 33.9400 34.0678 -0.13 -0.38
155 1 0 5 0 1 2.1929 170.0000 34.4600 34.3958 0.06 0.19
155 1 0 5 0 1 2.1929 18Ü.0000 35.0000 34.7719 0.23 0.65
155 1 0 5 0 1 2.1929 190.0000 35.5600 35.1961 0.36 1.02
155 1 0 5 0 1 2.1929 200.0000 36.1400 35.6686 0.47 1.30
155 1 0 5 0 1 2.1929 210.0000 36.7600 36.1891 0.57 1.55
155 1 0 5 0 1 2.1929 220.0000 37.4300 36.7578 0.67 1.80
155 1 0 5 0 1 2.1929 230.0000 38.1700 37.3746 0.80 2.08
155 1 0 5 0 1 211929 240.0000 38.9600 38.0396 0.92 2.36
155 1 0 5 0 1 2.1929 250.0000 39.7800 38.7527 1.03 2.58
155 1 0 5 0 1 2.1929 260.0000 40.9200 39.5140 1.41 3.44
155 1 0 5 0 1 2.1929 270.0000 41.5600 40.3234 1.24 2.98
155 1 0 5 0 1 2.1929 280.0000 42.4000 41.1809 1.22 2.88
155 1 0 5 0 1 2.1929 290.0000 43.3300 42.0866 1.24 2.87
155 1 0 5 0 1 2.1929 300.0000 44.2800 43.0405 1.24 2.80
156 2 0 4 0 2 2.2794 230.0000 43.6400 43.5241 0.12 0.27
156 2 0 4 0 2 2.2794 240.0000 44.4800 44.4691 0.01 0.02
156 2 0 4 0 2 2.2794 250.0000 45.3800 45.4630 -0. 08 -0.18
156 2 0 4 0 2 2.2794 260.0000 46.3200 46.5059 -0.19 -0.40
156 2 0 4 0 2 2.2794 270.0000 47.2800 47.5976 -0.32 -0.67
156 2 0 4 0 2 2.2794 280.0000 48.2900 48.7384 -0.45 — 0.93
156 2 0 4 0 2 2.2794 290.0000 49.3500 49.9280 -0.58 -1.17
156 2 0 4 0 2 2.2794 300.0000 50.4400 51.1666 -0.73 -1.44
157 2 0 4 0 2 2.2307 200.0000 40.7600 41.0674 -0.31 -0.75
157 2 0 4 0 2 2.2307 210.0000 41.4600 41.8656 -0.41 -0.98
157 2 0 4 0 2 2.2307 220.0000 42.2100 42.7127 -0.50 -1.19
157 2 0 4 0 2 2.2307 230.0000 43.0500 43.6087 -0.56 -1.30
157 2 0 4 0 2 2.2307 240.0000 43.9700 44.5537 — 0.58 -1.33
157 2 0 4 0 2 2.2307 250.0000 44.9200 45.5476 -0.63 -1.40
157 2 0 4 0 2 2.2307 260.0000 45.9200 46.5905 -0.67 — 1. 46
157 2 0 4 0 2 2.2307 270.0000 46.9600 47.6823 -0.72 -1.54
157 2 0 4 0 2 2.2307 280.0000 48.6200 48.8230 -0.20 -0.42
157 2 0 4 0 2 2.2307 290.0000 49.1400 50.0126 -0.87 -1.78
157 2 0 4 0 2 2.2307 300.0000 50.2400 51.2512 -1.01 -2.01
158 2 0 4 0 2 2.1924 200.0000 42.2400 41.1339 1.11 2.62
158 2 0 4 0 2 2.1924 210.0000 42.8400 41.9321 0.91 2.12
261
158 2 0 4 0 2 2.1924 220.0000 43.5100 42.7792 0.73 1.68
158 2 0 4 0 2 2.1924 230.0000 44.2500 43.6753 0.57 1.30
158 2 0 4 0 2 2.1924 240.0000 46.0000 44.8203 0.38 0.84
158 2 0 4 0 2 2.1924 250.0000 45.8800 45.8142 0.25 0.54
158 2 0 4 0 2 2.1924 280.0000 48.7800 48.6570 0.12 0.26
158 2 0 4 0 2 2.1924 270.0000 47.7500 47.7488 0.00 0.00
158 2 0 4 0 2 2.1924 280.0000 48.7500 48.8895 -0.14 -0.29
158 2 0 4 0 2 2.1924 290.0000 49.7900 50.0792 -0.29 -0.58
158 2 0 4 0 2 2.1924 300.0000 50.9000 51.3177 -0.42 -0.82
159 1 1 5 0 1 2.8321 170.0000 39.3000 39.2883 0.01 0.03
159 1 1 5 0 1 2.8321 180.0000 39.9000 39.7591 0.14 0.35
159 1 5 0 1 2.8321 190.0000 40.5400 40.2805 0.28 0.84
159 1 1 5 0 1 2.8321 200.0000 41.2200 40.8504 0.37 0.90
159 1 1 5 0 1 2.8321 210.0000 41.9700 41.4888 0.50 1.19
159 1 1 5 0 1 2.8321 220.0000 42.7700 42.1357 0.83 1.48
159 1 5 0 1 2.8321 230.0000 43.8200 42.8512 0.77 1.76
159 1 1 5 0 1 2.8321 240.0000 44.5200 43.8151 0.90 2.03
159 1 1 5 0 1 2.8321 250.0000 45.4800 44.4275 1.05 2.31
159 1 1 5 0 1 2.8321 280.0000 48.4800 45.2885 1.17 2.52
159 1 1 5 0 1 2.8321 270.0000 47.4900 46.1980 1.29 2.72
159 1 1 5 0 1 2.8321 280.0000 48.5800 47.1559 1.40 2.89
159 1 1 5 0 1 2.8321 290.0000 49.8800 48.1824 1.52 3.05
159 1 1 5 0 1 2.8321 300.0000 50.8400 49.2174 1.82 3.19
159 1 1 5 0 1 2.8321 310.0000 52.0200 50.3209 1.70 3.27
180 1 3 5 0 1 2.0172 200.0000 53.7300 54.8510 -1.12 -2.09
180 1 3 5 0 1 2.0172 210.0000 54.5800 55.8851 -1.09 -1.99
180 1 3 5 0 1 2.0172 220.0000 55.4900 58.5285 -1.04 -1.87
180 1 3 5 0 1 2.0172 230.0000 58.4700 57.4411 -0.97 -1.72
180 1 3 5 0 1 2.0172 240.0000 57.5400 58.4029 — 0.88 -1.50
160 1 3 5 0 1 2.0172 250.0000 58.8800 59.4140 -0.73 -1.25
180 1 3 5 0 1 2.0172 280.0000 59.8200 60.4744 -0.85 -1.09
180 1 3 5 0 1 2.0172 270.0000 61.0400 61.5840 -0.54 -0.89
180 1 3 5 0 1 2.0172 280.0000 62.3400 62.7428 -0.40 -0.65
180 1 3 5 0 1 2.0172 290.0000 83.8800 63.9509 -0.29 -0. 46
180 1 3 5 0 1 2.0172 300.0000 85.0300 65.2082 -0.18 -0.27
180 1 3 5 0 1 2.0172 310.0000 88.4200 66.5148 -0.09 -0.14
180 1 3 5 0 1 2.0172 320.0000 87.8300 67.8706 -0.04 -0.06
180 1 3 5 0 1 2.0172 330.0000 69.2500 69.2757 -0.03 -0.04
180 1 3 5 0 1 2.0172 340.0000 70.6900 70.7300 -0.04 -0.06
180 1 3 5 0 1 2.0172 350.0000 72.1400 72.2335 -0.09 -0.13
180 1 3 6 0 1 2.0172 360.0000 73.5900 73.7863 -0.20 -0.27
180 1 3 5 0 1 2.0172 370.0000 75.0800 75.3884 -0.33 -0.44
161 1 9 5 0 1 1.7874 280.0000 104.9300 105.8900 -0.78 -0.72
181 1 9 5 0 1 1.7874 290.0000 106.8300 107.5029 -0.87 -0.82
181 1 9 5 0 1 1.7874 300.0000 108.4200 109.3872 -0.95 -0.87
161 1 9 5 0 1 1.7874 310.0000 110.2300 111.2830 -1.05 -0.96
182 5 0 1 1 11 0.0000 300.0000 123.2100 120.8828 2.33 1.89
162 5 0 1 1 11 0.0000 310.0000 125.2300 125.3202 -0.09 -0.07
183 1 8 5 0 1 1.8819 240.0000 77.8500 78.7308 -0.88 -1.13
183 1 8 5 0 1 1.8819 250.0000 79.2100 80.0399 -0.83 -1.05
183 1 8 5 0 1 1.8819 280.0000 80.8200 81.3993 -0.78 -0.97
163 1 8 5 0 1 1.8819 270.0000 82.1500 82.8091 -0.88 -0.80
183 1 8 5 0 1 1.8819 280.0000 83.8800 84.2892 -0.39 -0.46
183 1 8 5 0 1 1.8819 290.0000 85.6200 85.7797 -0.28 -0.30
163 1 8 5 0 1 1.8819 300.0000 87.1800 87.3405 -0.18 -0.21
184 1 2 5 0 1 2.0779 180.0000 48.1000 47.1873 -1.07 -2.32
184 1 2 5 0 1 2.0779 190.0000 48.7900 47.7858 1.00 2.08
164 1 2 5 0 1 2.0779 200.0000 47.5400 48.4532 -0.91 -1.92
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164 1 2 5 0 1 2.0779 210.0000 48.3600 49.1694 -0.81 -1.67
164 1 2 5 0 1 2.0779 220.0000 49.2300 49.9346 -0.70 -1.43
164 1 2 5 0 1 2.0779 230.0000 50.1700 50.7486 -0.58 -1.15
164 1 2 5 0 1 2.0779 240.0000 51.1600 51.6115 -0.45 -0.88
164 1 2 5 0 1 2.0779 250.0000 52.2100 52.5232 -0.31 -0.60
164 1 2 5 0 1 2.0779 260.0000 53.3100 53.4839 -0.17 -0.33
164 1 2 5 0 1 2.0779 270.0000 54.4500 54.4934 -0.04 -0.08
164 1 2 5 0 1 2.0779 280.0000 55.6300 55.5518 0.08 0.14
164 1 2 5 0 1 2.0779 290.0000 56.8400 56.6591 0.18 0.32
164 1 2 5 0 1 2.0779 300.0000 58.0800 57.8153 0.26 0.46
164 1 2 5 0 1 2.0779 310.0000 59.3600 59.0203 0.34 0.57
164 1 2 5 0 1 2.0779 320.0000 60.6500 60.2742 0.38 0.62
164 1 2 5 0 1 2.0779 330.0000 61.9800 61.5770 0.40 0.65
164 1 2 5 0 1 2.0779 340.0000 63.3100 62.9287 0.38 0.60
164 1 2 5 0 1 2.0779 350.0000 64.6400 64.3292 0.31 0.48
164 1 2 5 0 1 2.0779 360.0000 65.9800 65.7787 0.20 0.31
164 1 2 5 0 1 2.0779 370.0000 67.3100 67.2770 0.03 0.05
164 1 2 5 0 1 2.0779 380.0000 68.6400 68.8242 -0.18 -0.27
165 2 0 4 0 2 2.2794 190.0000 40.0000 40.2335 -0.23 -0.58
165 2 0 4 0 2 2.2794 200.0000 40.6800 40.9828 -0.30 -0.74
165 2 0 4 0 2 2.2794 210.0000 41.4000 41.7810 -0.38 -0.92
165 2 0 4 0 2 2.2794 220.0000 42.1800 42.6281 -0.45 -1.06
165 2 0 4 0 2 2.2794 230.0000 43.0000 43.5241 -0.52 -1.22
165 2 0 4 0 2 2.2794 240.0000 43.8700 44.4691 -0.60 -1.37
165 2 0 4 0 2 2.2794 250.0000 44.8200 45.4630 — 0.64 -1.43
165 2 0 4 0 2 2.2794 260.0000 45.8200 46.5059 -0.69 -1.50
165 2 0 4 0 2 2.2794 270.0000 46.8800 47.5976 -0.72 -1.53
165 2 0 4 0 2 2.2794 280.0000 47.3600 48.7384 -1.38 -2.91
165 2 0 4 0 2 2.2794 290.0000 49.0800 49.9280 -0.85 -1.73
165 2 0 4 0 2 2.2794 300.0000 50.2700 51.1666 — 0.90 -1.78
166 2 0 4 0 2 2.2307 190.0000 41.2500 40.3181 0.93 2.26
166 2 0 4 0 2 2.2307 200.0000 41.9100 41.0674 0.84 2.01
166 2 0 4 0 2 2.2307 210.0000 42.6200 41.8656 0.75 1.77
166 2 0 4 0 2 2.2307 220.0000 43.3700 42.7127 0.66 1.52
166 2 0 4 0 2 2.2307 230.0000 44.1500 43.6087 0.54 1.23
166 2 0 4 0 2 2.2307 240.0000 45.0000 44.5537 0.45 0.99
166 2 0 4 0 2 2.2307 250.0000 45.8800 45.5476 0.33 0.72
166 2 0 4 0 2 2.2307 260.0000 46.8400 46.5905 0.25 0.53
166 2 0 4 0 2 2.2307 270.0000 47.8200 47.6823 0.14 0.29
166 2 0 4 0 2 2.2307 280.0000 48.8500 48.8230 0.03 0.06
166 2 0 4 0 2 2.2307 290.0000 49.1400 50.0126 -0.87 -1.78
166 2 0 4 0 2 2.2307 300.0000 49.9500 51.2512 -1.30 -2.60
166 2 0 4 0 2 2.2307 310.0000 51.0900 52.5387 -1.45 -2.84
167 2 0 4 0 2 2.1924 240.0000 44.6000 44.6203 -0 . 02 -0.05
167 2 0 4 0 2 2.1924 250.0000 45.4400 45.6142 -0.17 -0.38
167 2 0 4 0 2 2.1924 260.0000 46.3200 46.6570 -0.34 -0.73
167 2 0 4 0 2 2.1924 270.0000 47.2800 47.7488 -0.47 — 0.99
167 2 0 4 0 2 2.1924 280.0000 48.2900 48.8895 -0.60 -1.24
167 2 0 4 0 2 2.1924 290.0000 49.3500 50.0792 -0.73 -1.48
167 2 0 4 0 2 2.1924 300.0000 50.4600 51.3177 -0.86 -1.70
AVERAGE ABSOLUTE ERROR : 0
AVERAGE PERCENT DEVIATION : 1
Number of data points = 155 
Estimation accuracy, cal/mk




Within + 0.5 72 46.45
Within ±1.0 126 81.29
Better than ±2.0 152 98.06
Higher than ±2.0 3 1.94
Maximum Deviation 2.43
CLASS NAME : ALKANOLS
INPUT COEFFICIENTS :
Group No AO A1 * T A2 * T*T
-CH3- G1 8.9561 -0.13508E-01 0.43410E-04
-CH2- 02 4.4126 0.90310E-02 0.18400E-05
>CH- 03 -2.4247 0.31280E-01 -0.15460E-04
-OHp 04 21.7280 -0.19849E+00 0.52234E-03
-OHs 05 15.9470 -0.15783E+00 0.48004E-03






INPUT DATA AND RESULTS
(D G1 02 03 04 05 06 RAN BAL TEMP CPo CPc AER APD
f9 2 1 1 0 1 0 0.8160 2.6702 180.0000 31.0320 31.0588 -0.03 -0.09
Î9 2 1 1 0 1 0 0.8160 2.6702 190.0000 31.5090 31.6605 -0.15 - 0. 48
!9 2 1 1 0 1 0 0.8160 2.6702 200.0000 32.0830 32.3727 -0.29 -0.90
19 2 1 1 0 1 0 0.8160 2.6702 210.0000 32.7520 33.1957 -0.44 -1.35
S9 2 1 0 1 0 0.8160 2.6702 220.0000 33.5640 34.1293 -0.57 -1.68
19 2 1 1 0 1 0 0.8160 2.6702 230.0000 34.5430 35.1735 -0.63 -1.83
Î9 2 1 1 0 1 0 0.8160 2.6702 240.0000 35.7140 36.3284 -0.61 -1.72
i9 2 1 1 0 1 0 0.8160 2.6702 250.0000 37.0990 37.5939 -0.49 -1.33
î9 2 1 1 0 1 0 0.8160 2.6702 260.0000 38.7240 38.9701 -0.25 -0.64
19 2 1 1 0 1 0 0.8160 2.6702 270.0000 40.6110 40.4569 0.15 0.38
19 2 1 1 0 1 0 0.8160 2.6702 273.1500 41.2560 40.9481 0.31 0.75
19 2 1 1 0 1 0 0.8160 2.6702 280.0000 42.7370 42.0544 0.68 1.60
19 2 1 1 0 1 0 0.8160 2.6702 290.0000 45.1020 43.7625 1.34 2.97
9 2 1 1 0 1 0 0.8160 2.6702 300.0000 47.6340 45.5812 2.05 4.31
9 1 3 0 1 0 0 0.7070 2.2834 210.0000 33.4000 33.1094 0.29 0.87
10 1 3 0 1 0 0 0.7070 2.2834 220.0000 33.9500 33.7168 0.23 0.69
0 1 3 0 1 0 0 0.7070 2.2834 230.0000 34.5600 34.4385 0.12 0.35
0 1 3 0 1 0 0 0.7070 2.2834 240.0000 35.3100 35.2744 0.04 0.10
'0 1 3 0 1 0 0 0.7070 2.2834 250.0000 36.1800 36.2246 -0.04 -0.12
0 1 3 0 1 0 0 0.7070 2.2834 260.0000 37.1600 37.2890 -0.13 -0.35
10 1 3 0* 1 0 0 0.7070 2.2834 273.1500 38.6500 38.8626 -0.21 -0.55
0 1 3 0 1 0 0 0.7070 2.2834 280.0000 39.5800 39.7606 -0.18 -0. 46
0 1 3 0 1 0 0 0.7070 2.2834 298.1500 42.3100 42.3992 -0.09 -0.21
0 1 3 0 1 0 0 0.7070 2.2834 300.0000 42.6000 42.6893 -0.09 -0.21
0 1 3 0 1 0 0 0.7070 2.2834 310.0000 44.3800 44.3250 0.06 0.12
0 1 3 0 1 0 0 0.7070 2.2834 320.0000 46.5100 46.0749 0.44 0.94
1 1 6 0 1 0 0 1.4570 2.5708 240.0000 56.2400 55.6880 0.55 0.98
1 1 6 0 1 0 0 1.4570 2.5708 250.0000 57.1700 56.9362 0.23 0.41
1 1 6 0 1 0 0 1.4570 2.5708 260.0000 58.5640 58.2997 0.26 0.45



































































































































































































































































































































































































7 3 0 0
7 0 0 0
5 7 0 0
560 0
0100























. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0
. 3 8 0 0
. 0 0 0 0
. 0 0 0 0
. 0 0 0 0






































































































































































































































































































































































2 0 0 . 0 0 0 0  
2 1 0 . 0 0 0 0  














































19 2 1 1 1 0 0 0.8160 2.6647 350.0000 54.8010
;80 3 4 0 0 0 1 1.5300 3.1235 231.7000 62.5000
3 4 0 0 0 1 1.5300 3.1235 246.0000 65.2000
|80 3 4 0 0 0 1 1.5300 3.1235 259.8000 69.1000
!80 3 4 0 0 0 1 1.5300 3.1235 273.1000 73.3000
k 3 4 0 0 0 1 1.5300 3.1235 286.0000 76.9000
(80 3 4 0 0 0 1 1.5300 3.1235 298.5000 80.7000
80 3 4 0 0 0 1 1.5300 3.1235 310.7000 84.1000
84 2 0 1 0 1 0 0.0000 2.5129 185.2000 25.9900
84 2 0 1 0 1 0 0.0000 2.5129 190.0000 26.2200
84 2 0 1 0 1 0 0.0000 2.5129 200.0000 26.6600
84 2 0 1 0 1 0 0.0000 2.5129 210.0000 27.1600
84 2 0 1 0 1 0 0.0000 2.5129 220.0000 27.7300
84 2 0 1 0 1 0 0.0000 2.5129 230.0000 28.4000
84 2 0 1 0 1 0 0.0000 2.5129 240.0000 29.1900
84 2 0 1 0 1 0 0.0000 2.5129 250.0000 30.1100
84 2 0 1 0 1 0 0.0000 2.5129 260.0000 31.2000
84 2 0 1 0 1 0 0.0000 2.5129 270.0000 32.3900
84 2 0 1 0 1 0 0.0000 2.5129 273.1500 32.8900
184 2 0 1 0 1 0 0.0000 2.5129 280.0000 33.9100
2 0 1 0 1 0 0.0000 2.5129 290.0000 35.4800
!84 2 0 1 0 1 0 0.0000 2.5129 298.1500 36.9100
184 2 0 1 0 1 0 0.0000 2.5129 300.0000 37.2700
M 2 0 1 0 1 0 0.0000 2.5129 310.0000 39.4500













































































































































































































0 . 8 6 6 0
0 . 8 6 6 0
0 . 8 6 6 0
0 . 8 6 6 0













0 . 0 0 0 0
0 . 0 0 0 0
0 . 0 0 0 0



































AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 





















































































































Within 4- 0.5 99 56.90
Within ■^ 1.0 143 82.18
Better than 4-2. 0 170 97.70
Higher than 4-2. 0 4 2.30
Maximum Deviation 2.39
CLASS :NAME : PHENOLS
INPUT 1COEFFICIENTS :
Group No AO A1 * T A2 * T*T---- — — -- — — ' — — — — — — —
-CH3- G1 8.9561 -0.13508E-01 0.43410E-04
=RCH- G3 3.0137 0.OOOOOE+00 0.18030E-04




























































































CORRECTION TERMS ARE :
BAL 10.46700











GID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
202 0 5 1 1 3.1352 314.0000 48.1295 50.6222 -2.49 -5.18
202 0 5 1 1 3.1352 320.0000 48.5810 51.0538 -2.47 -5.09
202 0 5 1 1 3.1352 330.0000 49.3383 51.7889 -2.45 -4.97
202 0 5 1 1 3.1352 340.0000 50.0979 52.5437 -2.45 -4.88
202 0 5 1 1 3.1352 350.0000 50.8552 53.3182 -2.46 *^ 4.84
202 0 5 1 1 3.1352 360.0000 51.6149 54.1125 -2.50 -4.84
202 0 5 1 1 3.1352 370.0000 52.3746 54.9264 -2.55 -4.87
202 0 5 1 3.1352 380.0000 53.1319 55.7601 -2.63 -4.95
202 0 5 1 1 3.1352 390.0000 53.8915 56.6135 -2.72 -5.05
202 0 5 1 1 3.1352 400.0000 54.6512 57.4866 -2.84 -5.19
182 1 4 2 1 3.2307 304.2000 55.6700 55.5768 0.09 0.17
182 1 4 2 1 3.2307 310.0000 56.0500 56.0315 0.02 0.03
182 1 4 2 1 3.2307 320.0000 56.6600 56.8365 -0.18 -0.31
182 4 2 1 3.2307 330.0000 57.1800 57.6679 -0.49 -0.85
182 1 4 2 1 3.2307 340.0000 57.6400 58.5259 -0.89 -1.54
182 4 2 1 3.2307 350.0000 58.1000 59.4103 -1.31 -2.26
182 1 4 2 1 3.2307 360.0000 58.5500 60.3212 -1.77 -3.03
182 4 2 1 3.2307 370.0000 59.0000 61.2587 -2.26 -3.83
182 1 4 2 1 3.2307 380.0000 59.4400 62.2226 -2.78 -4.68
182 1 4 2 1 3.2307 390.0000 59.8800 63.2130 -3.33 -5.57
182 1 4 2 1 3.2307 400.0000 60.3200 64.2298 -3.91 -6.48
187 1 4 2 1 3.1685 285.4000 52.3300 53.5130 -1.18 -2.26
187 4 2 1 3.1685 290.0000 53.7600 53.8500 -0.09 -0.17
187 1 4 2 1 3.1685 300.0000 53.9600 54.6020 -0.64 -1.19
187 1 4 2 1 3.1685 310.0000 54.9600 55.3805 -0.42 -0.77
187 4 2 1 3.1685 320.0000 55.8700 56.1854 -0.32 -0.56
187 4 2 1 3.1685 330.0000 56.7100 57.0169 -0.31 -0.54
187 1 4 2 1 3.1685 340.0000 57.4800 57.8748 -0.39 — 0.69
187 1 4 2 1 3.1685 350.0000 58.1900 58.7593 -0.57 -0.98
187 1 4 2 1 3.1685 360.0000 58.8400 59.6702 -0.83 -1.41
187 4 2 1 3.1685 370.0000 59.4500 60.6076 -1.16 -1.95
187 1 4 2 1 3.1685 380.0000 60.0300 61.5715 -1.54 -2.57
187 1 4 2 1 3.1685 390.0000 60.5900 62.5619 -1.97 -3.25
187 1 4 2 1 3.1685 400.0000 61.1300 63.5788 -2.45 -4.01
189 1 4 2 1 3.1195 307.9400 54.3600 54.7050 -0.35 -0.63
189 4 2 1 3.1195 310.0000 54.5500 54.8676 -0.32 -0.58
189 1 4 2 1 3.1195 320.0000 55.4400 55.6725 -0.23 -0.42
189 1 4 2 1 3.1195 330.0000 56.3300 56.5040 -0.17 -0.31
189 1 4 2 1 3.1195 340.0000 57.2500 57.3619 -0.11 -0.20
189 1 4 2 1 3.1195 350.0000 58.1200 58.2464 -0.13 -0.22
189 1 4 2 1 3.1195 360.0000 58.9300 59.1573 -0.23 -0.39











AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION :














Within + 0.5 
Within + 1.0 
Better than +2.0 





































CORRECTION TERMS ARE :
BAL 1.07350







CID G1 G2 G3 G4 G5 BAL TEMP CPo CPc AER APD
205 2 1 0 0 1 2.9227 190.0000 35.5700 34.8841 0.69 1.93
205 2 1 0 0 1 2.9227 200.0000 35.6900 35.0293 0.66 1.85
205 2 1 0 0 1 2.9227 210.0000 35.8090 35.1848 0.62 1.74
205 2 1 0 0 1 2.9227 220.0000 35.9770 35.3506 0.63 1.74
206 2 1 0 0 1 2.9227 230.0000 36.1440 35.5267 0.62 1.71
205 2 1 0 0 1 2.9227 240.0000 36.3350 35.7131 0.62 1.71
205 2 1 0 0 1 2.9227 250.0000 36.5500 35.9098 0.64 1.75
205 2 1 0 0 1 2.9227 260.0000 36.7890 36.1168 0.67 1.83
205 2 1 0 0 1 2.9227 270.0000 37.0520 36.3341 0.72 1.94
205 2 1 0 0 1 2.9227 280.0000 37.3380 36.5617 0.78 2.08
205 2 1 0 0 1 2.9227 290.0000 37.6490 36.7996 0.85 2.26
205 2 1 0 0 1 2.9227 300.0000 37.9830 37.0478 0.94 2.46
205 2 1 0 0 1 2.9227 310.0000 38.3650 37.3063 1.06 2.76
205 2 1 0 0 1 2.9227 320.0000 38.7480 37.5751 1.17 3.03
206 2 3 0 0 1 2.8572 220.0000 48.3270 48.2573 0.07 0.14
206 2 3 0 0 1 2.8572 230.0000 48.4710 48.6305 -0.16 — 0.33
206 2 3 0 0 1 2.8572 240.0000 48.6860 49.0149 -0.33 -0.68
206 2 3 0 0 1 2.8572 250.0000 48.9720 49.4102 -0.44 — 0.89
206 2 3 0 0 1 2.8572 260.0000 49.2830 49.8166 —0.53 -1.08
206 2 3 0 0 1 2.8572 270.0000 49.6650 50.2340 -0.57 -1.15
206 2 3 0 0 1 2.8572 280.0000 50.0950 50.6625 -0.57 — 1.13
269
206 2 3 0 0 1 2.8572 290.0000 50.5730 51.1020 -0 53 -1.05
206 2 3 0 0 1 2.8572 300.0000 51.0750 51.5525 -0.48 -0.93
208 2 3 0 0 1 2.8572 310.0000 51.6240 52.0141 -0.39 -0.76
206 2 3 0 0 1 2.8572 320.0000 52.1970 52.4867 -0.29 -0.55
206 2 3 0 0 1 2.8572 330.0000 52.7950 52.9703 -0.18 —0.33
206 2 3 0 0 1 2.8572 340.0000 53.4160 53.4650 -0.05 -0.09
206 2 3 0 0 1 2.8572 350.0000 54.0850 53.9707 0.11 0.21
206 2 3 0 0 1 2.8572 360.0000 54.7530 54.4875 0.27 0.48
206 2 3 0 0 1 2.8572 370.0000 55.4220 55.0152 0.41 0.73
206 2 3 0 0 1 2.8572 380.0000 56.1150 55.5541 0.56 1.00
207 2 5 0 0 1 2.8491 252.8600 62.9500 63.1443 -0.19 -0.31
207 2 5 0 0 1 2.8491 260.0000 63.1800 63.5780 -0.40 -0.63
207 2 5 0 0 1 2.8491 270.0000 63.5900 64.1955 -0.61 — 0 . 95
207 2 5 0 0 1 2.8491 280.0000 64.1600 64.8249 -0.66 -1.04
207 2 5 0 0 1 2.8491 290.0000 64.7600 65.4659 -0.71 -1.09
207 2 5 0 0 1 2.8491 300.0000 65.4400 66.1188 -0.68 -1.04
207 2 5 0 0 1 2.8491 310.0000 66.1700 66.7834 -0.61 -0.93
207 2 5 0 0 1 2.8491 320.0000 66.9200 67.4599 -0.54 -0.81
207 2 5 0 0 1 2.8491 330.0000 67.7400 68.1480 -0.41 -0.60
208 2 2 0 0 1 2.8812 196.3100 41.1610 41.1864 -0.03 — 0.06
208 2 2 0 0 1 2.8812 200.0000 41.1840 41.2772 -0.09 -0.23
208 2 2 0 0 1 2.8812 210.0000 41.2800 41.5305 -0.25 -0.61
208 2 2 0 0 1 2.8812 220.0000 41.4470 41.7945 -0.35 -0.84
208 2 2 0 0 1 2.8812 230.0000 41.6380 42.0692 -0.43 -1.04
208 2 2 0 0 1 2.8812 240.0000 41.8530 42.3546 -0.50 -1.20
208 2 2 0 0 1 2.8812 250.0000 42.1400 42.6506 -0.51 -1.21
208 2 2 0 0 1 2.8812 260.0000 42.4510 42.9573 -0.51 -1.19
208 2 2 0 0 1 2.8812 270.0000 42.8090 43.2747 -0.47 -1.09
208 2 2 0 0 1 2.8812 280.0000 43.2150 43.6027 -0.39 -0.90
208 2 2 0 0 1 2.8812 290.0000 43.6450 43.9414 -0.30 — 0.68
208 2 2 0 0 1 2.8812 300.0000 44.0990 44.2908 -0.19 -0.43
208 2 2 0 0 1 2.8812 310.0000 44.6010 44.6508 -0.05 -0.11
208 2 2 0 0 1 2.8812 320.0000 45.1260 45.0215 0.10 0.23
208 2 2 0 0 1 2.8812 330.0000 45.6760 45.4029 0.27 0.60
208 2 2 0 0 1 2.8812 340.0000 46.2490 45.7949 0.45 0.98
208 2 2 0 0 1 2.8812 350.0000 46.8460 46.1976 0.65 1.38
208 2 2 0 0 1 2.8812 360.0000 47.4670 46.6110 0.86 1.80
210 4 0 1 0 1 3.6980 204.8100 49.6890 48.9498 0.74 1.49
210 4 0 1 0 1 3.6980 210.0000 49.9760 49.1568 0.82 1.64
210 4 0 1 0 1 3.6980 220.0000 50.5490 49.5738 0.98 1.93
210 4 0 1 0 1 ' 3.6980 230.0000 51.1700 50.0151 1.15 2.26
210 4 0 1 0 1 3.6980 240.0000 51.8150 50.4806 1.33 2.58
210 4 0 1 0 1 3.6980 250.0000 52.5080 50.9703 1.54 2.93
210 4 0 1 0 1 3.6980 260.0000 53.2250 51.4841 1.74 3.27
210 4 0 1 0 1 3.6980 270.0000 53.9890 52.0222 1.97 3.64
210 4 0 1 0 1 3.6980 280.0000 54.7530 52.5845 2.17 3.96
210 4 0 1 0 1 3.6980 290.0000 55.5660 53.1710 2.39 4.31
210 4 0 1 0 1 3.6980 300.0000 56.4020 53.7817 2.62 4.65
210 4 0 1 0 1 3.6980 310.0000 57.2380 54.4166 2.82 4.93
210 4 0 1 G 1 3.6980 320.0000 58.0980 55.0757 3.02 5.20
211 2 3 0 0 1 3.0445 217.7200 49.0440 48.3748 0.67 1.36
211 2 3 0 0 1 3.0445 220.0000 49.0680 48.4583 0.61 1.24
211 2 3 0 0 1 3.0445 230.0000 49.2350 48.8316 0.40 0.82
211 2 3 0 0 1 3.0445 240.0000 49.4500 49.2159 0.23 0.47
211 2 3 0 0 1 3.0445 250.0000 49.7610 49.6113 0.15 0.30
211 2 3 0 0 1 3.0445 260.0000 50.1190 50.0177 0.10 0.20
211 2 3 0 0 1 3.0445 270.0000 50.5010 50.4351 0.07 0.13
211 2 3 0 0 1 3.0445 280.0000 50.9310 50.8635 0.07 0.13
270
211 2 3 0 0 1 3.0445 290.0000 51.3850 51.3030 0.08 0.16
211 2 3 0 0 1 3.0445 300.0000 51.8870 51.7536 0.13 0.26
211 2 3 0 0 -1 3.0445 310.0000 52.4600 52.2151 0.24 0.47
211 2 3 0 0 1 3.0445 320.0000 53.0330 52.6877 0.35 0.65
212 2 2 0 0 1 3.0456 234.1600 43.6450 42.3631 1.28 2.94
212 2 2 0 0 1 3.0456 240.0000 43.7880 42.5311 1.26 2.87
212 2 2 0 0 1 3.0456 250.0000 44.0270 42.8271 1.20 2.73
212 2 2 0 0 1 3.0456 260.0000 44.2900 43.1338 1.16 2.61
212 2 2 0 0 1 3.0456 270.0000 44.5770 43.4512 1.13 2.53
212 2 2 0 0 1 3.0456 280.0000 44.9110 43.7792 1.13 2.52
212 2 2 0 0 1 3.0456 290.0000 45.2930 44.1179 1.18 2.59
212 2 2 0 0 1 3.0456 300.0000 45.6760 44.4673 1.21 2.65
212 2 2 0 0 1 3.0456 310.0000 46.0820 44.8273 1.25 2.72
212 2 2 0 0 1 3.0456 320.0000 46.4640 45.1980 1.27 2.72
213 4 0 0 1 1 3.6543 221.7300 45.2220 45.3309 -0.11 -0.24
213 4 0 0 1 1 3.8543 230.0000 45.5560 45.8336 -0.28 -0.61
213 4 0 0 1 1 3.8543 240.0000 46.0100 46.4524 -0.44 -0.96
213 4 0 0 1 1 3.8543 250.0000 46.5120 47.0831 -0.57 -1.23
213 4 0 0 1 1 3.8543 260.0000 47.0610 47.7258 -0.66 -1.41
213 4 0 0 1 1 3.8543 270.0000 47.6580 48.3805 -0.72 -1.52
213 4 0 0 1 1 3.8543 280.0000 48.3750 49.0471 -0.67 -1.39
213 4 0 0 1 1 3.8543 290.0000 48.9010 49.7257 -0.82 -1.69
213 4 0 0 1 1 3.8543 300.0000 49.5460 50.4162 -0.87 -1.76
213 4 0 0 1 1 3.8543 310.0000 50.1910 51.1187 ”0.93 -1.85
213 4 0 0 3.8543 320.0000 50.8600 51.8331 -0.97 -1.91
213 4 0 0 1 1 3.8543 330.0000 51.5280 52.5595 -1.03 -2.00
213 4 0 0 1 1 3.8543 340.0000 52.1730 53.2979 -1.12 -2.16
213 4 0 0 1 1 3.8543 350.0000 52.8180 54.0482 -1.23 -2.33
213 4 0 0 1 1 3.8543 360.0000 53.4400 54.8105 -1.37 -2.56
214 3 0 1 0 1 3.3235 180.0100 39.0340 39.7179 -0.68 -1.75
214 3 0 1 0 1 3.3235 190.0000 39.1060 40.0365 -0.93 -2.38
214 3 0 1 0 1 3.3235 200.0000 39.2250 40.3710 -1.15 -2.92
214 3 0 1 0 1 3.3235 210.0000 39.4170 40.7209 -1.30 -3.31
214 3 0 1 0 1 3.3235 220.0000 39.6550 41.0864 -1.43 -3.61
214 3 0 1 0 1 3.3235 230.0000 39.9420 41.4674 -1.53 -3.82
214 3 0 1 0 1 3.3235 240.0000 40.2770 41.8640 -1.59 -3.94
214 3 0 1 0 1 3.3235 250.0000 40.6590 42.2760 -1.62 -3.98
214 3 0 1 0 1 3.3235 260.0000 41.0890 42.7036 -1.61 -3.93
214 3 0 1 0 1 3.3235 270.0000 41.5430 43.1467 -1.60 -3.86
214 3 0 1 0 1 3.3235 280.0000 42.0210 43.6053 -1.58 -3.77
214 3 0 1 0 1 3.3235 290.0000 42.5460 44.0794 -1.53 -3.60
214 3 0 1 0 1 3.3235 300.0000 43.0720 44.5691 -1.50 -3.48
214 3 0 1 0 1 3.3235 310.0000 43.6450 45.0743 -1.43 -3.27
214 3 0 0 1 3.3235 320.0000 44.2420 45.5950 -1.35 -3.06
215 2 6 0 0 1 3.1081 269.3500 70.6880 71.4117 -0.72 -1.02
216 2 6 0 0 1 3.1081 270.0000 70.7110 71.4587 -0.75 -1.06
215 2 6 0 0 1 3.1081 280.0000 71.3090 72.1884 -0.88 -1.23
215 2 6 0 0 1 3.1081 290.0000 71.9540 72.9303 -0.98 -1.36
215 2 6 0 0 1 3.1081 300.0000 72.6700 73.6843 -1.01 -1.40
215 2 6 0 0 1 3.1081 310.0000 73.4350 74.4505 -1.02 -1.38
215 2 6 0 0 1 3.1081 320.0000 74.2710 75.2288 -0.96 -1.29
AVERAGE ABSOLUTE ERROR ; 0.809
AVERAGE PERCENT DEVIATION : 1.701
Number of data pointe = 130
271
Estimation accuracy, cal/mk
Accuracy range Ne* %
Within +0.5 41 31.54
Within ±1.0 89 68.46
Better than ±2.0 125 96.15
Higher than ±2.0 5 3.85
Maximum Deviation 3.02

















CORRECTION TERMS ARE :
BAL -7.51300
INPUT DATA AND RESULTS
CID G1 G2 G3 BAL TEMP CPo CPc AER APD
218 1 2 1 2.4531 180.0000 35.1840 34.3207 0.86 2.45
218 1 2 1 2.4531 190.0000 35.1840 34.6485 0.54 1.52
218 1 2 1 2.4531 200.0000 35.1840 34.9916 0.19 0.55
218 1 2 1 2.4531 210.0000 35.2560 35.3499 -0.09 -0.27
218 1 2 1 2.4531 220.0000 35.3290 35.7235 — 0.39 -1.12
218 1 2 1 2.4531 230.0000 35.4010 36.1123 -0.71 -2.01
218 1 2 1 2.4531 240.0000 35.4730 36.5164 -1.04 -2.94
218 1 2 1 2.4531 250.0000 35.6890 36.9358 -1.25 -3.49
218 1 2 1 2.4531 260.0000 36.0500 37.3704 -1.32 -3.66
218 1 2 1 2.4531 270.0000 36.6980 37.8203 -1.12 -3.06
218 1 2 1 2.4531 280.0000 37.6360 38.2854 -0.65 -1.73
218 1 2 1 2.4531 290.0000 38.5730 38.7658 -0.19 -0.50
218 1 2 1 2.4531 300.0000 39.2220 39.2615 -0.04 -0.10
219 1 5 1 2.6376 230.0000 55.9480 54.4874 1.46 2.61
219 1 5 1 2.6376 240.0000 56.1760 55.1883 0.99 1.76
219 1 5 1 2.8376 250.0000 56.4040 55.9057 0.50 0.88
219 1 5 1 2.6376 260.0000 56.7470 56.6394 0.11 0.19
219 1 5 1 2.6376 270.0000 57.3180 57.3895 -0.07 -0.12
219 1 5 1 2.6376 280.0000 58.1170 58.1559 -0.04 -0.07
219 1 5 1 2.6376 290.0000 59.0310 58.9387 0.09 0.16
219 1 5 1 2.6376 300.0000 60.0580 59.7378 0.32 0.53
251 1 0 1 2.1328 273.1500 24.0120 26.3382 -2.33 —9.69
251 1 0 1 2.1328 283.1500 26.4500 26.6070 -0.16 -0.59
251 1 0 1 2.1328 288.1500 28.1520 26.7469 1.41 4.99
251 1 0 1 2.1328 293.1500 29.9000 26.8904 3.01 10.07
AVERAGE ABSOLUTE ERROR : 0.755
AVERAGE PERCENT DEVIATION : 2.202
Number of data points = 25
272
Accuracy range
Within ± 0.5 
Within ± 1.0 
Better than +2.0 












Group No AO A1 * T A2 * T*T
-CH3- G1 8.9561 -0.13508E- 01 0.43410E-04
-CH2- G2 4.4126 0.90310E- 02 0. 18400E-05
>CH- G3 - 2.4247 0.31280E- 01 -0. 15460E-04
>C< G4 -13.6800 0.75389E- 01 -0. 76690E-04
C-0-C G5 6.8520 0.21880E- 01 -0. 51800E-04
CORRECTION TERMS ARE :
BAL -0 .74180
INPUT DATA AND RESULTS
CID G1 G2 G31 04 G5 BAL TEMP CPo CPc AER APD
220 2 2 0 0 1 2.5839 156.9200 35.1171 34.6540 0.46 1.32
220 2 2 0 0 1 2.5839 160.0000 35.2843 34.7315 0.55 1.57
220 2 2 0 0 1 2.5839 170.0000 35.7860 34.9885 0.80 2.23
220 2 2 0 0 1 2.5839 180.0000 36.2398 35.2532 0.99 2.72
220 2 2 0 0 1 2.5839 190.0000 36.6699 35.5257 1.14 3.12
220 2 2 0 0 1 2.5839 200.0000 37.0999 35.8059 1.29 3.49
220 2 2 0 0 1 2.5839 210.0000 37.4821 36.0938 1.39 3.70
220 2 2 0 0 1 2.5839 220.0000 37.8643 36.3895 1.47 3.90
220 2 2 0 0 1 2.5839 230.0000 38.2465 36.6929 1.55 4.06
220 2 2 0 0 1 2.5839 240.0000 38.6288 37.0040 1.62 4.21
220 2 2 0 0 1 2.5839 250.0000 39.0110 37.3229 1.69 4.33
220 2 2 0 0 1 2.5839 260.0000 39.4171 37.6495 1.77 4.48
220 2 2 0 0 1 2.5839 270.0000 39.8471 37.9839 1.86 4.68
220 2 2 0 0 1 2.5839 280.0000 40.2771 38.3260 1.95 4.84
220 2 2 0 0 1 2.5839 290.0000 40.7788 38.6759 2.10 5.16
220 2 2 0 0 1 2.5839 300.0000 41.3043 39.0335 2.27 5.50
221 2 0 0 0 1 2.0158 131.6400 23.4138 23.1996 0.21 0.91
221 2 0 0 0 1 2.0158 140.0000 23.4544 23.2362 0.22 0.93
221 2 0 0 0 1 2.0158 150.0000 23.4902 23.2864 0.20 0.87
221 2 0 0 0 1 2.0158 160.0000 23.5141 23.3436 0.17 0.72
221 2 0 0 0 1 2.0158 170.0000 23.5404 23.4078 0.13 0.56
221 2 0 0 0 1 2.0158 180.0000 23.5762 23.4790 0.10 0.41
221 2 0 0 0 1 2.0158 190.0000 23.6288 23.5573 0.07 0.30
221 2 0 0 0 1 2.0158 200.0000 23.7076 23.6425 0.07 0.27
221 2 0 0 0 1 2.0158 210.0000 23.8175 23.7347 0.08 0.35
221 2 0 0 0 1 2.0158 220.0000 23.9847 23.8339 0.15 0.63
221 2 0 0 0 1 2.0158 230.0000 24.1758 23.9402 0.24 0.97
273
221 2 0 0 0 1 2.0158 240.0000 24.4625 24.0534 0.41 1.67
221 2 0 0 0 1 2.0158 250.0000 24.7969 24.1736 0.62 2.51
224 2 3 0 0 1 2.6749 150.0000 40.0860 40.2235 -0.14 -0.34
224 2 3 0 0 1 2.6749 160.0000 40.6116 40.5687 0.04 0.11
224 2 3 0 0 1 2.6749 170.0000 41.0893 40.9221 0.17 0.41
224 2 3 0 0 1 2.6749 180.0000 41.5432 41.2835 0.26 0.63
224 2 3 0 0 1 2.6749 190.0000 41.9732 41.6531 0.32 0.76
224 2 3 0 0 1 2.6749 200.0000 42.4032 42.0308 0.37 0.88
224 2 3 0 0 1 2.6749 210.0000 42.8333 42.4165 0.42 0.97
224 2 3 0 0 1 2.6749 220.0000 43.2394 42.8104 0.43 0.99
224 2 3 0 0 1 2.6749 230.0000 43.6694 43.2124 0.46 1.05
224 2 3 0 0 1 2.6749 240.0000 44.0994 43.6225 0.48 1.08
224 2 3 0 0 1 2.6749 250.0000 44.5533 44.0408 0.51 1. 15
224 2 3 0 0 1 2.6749 260.0000 45.0072 44.4671 0.54 1.20
224 2 3 0 0 1 2.6749 270.0000 45.5088 44.9015 0.61 1.33
224 2 3 0 0 1 2.6749 280.0000 46.0344 45.3441 0.69 1.50
224 2 3 0 0 1 2.6749 290.0000 46.6077 45.7947 0.81 1.74
224 2 3 0 0 1 2.6749 300.0000 47.2289 46.2535 0.98 2.07
224 2 3 0 0 1 2.6749 310.0000 47.8978 46.7203 1.18 2.46
224 2 3 0 0 1 2.6749 320.0000 48.6383 47.1953 1.44 2.97
225 4 0 2 0 1 3.4243 187.7000 43.9799 44.1977 -0.22 — 0.50
226 4 0 2 0 1 3.4243 190.0000 44.0516 44.3466 -0.29 -0.67
225 4 0 2 0 1 3.4243 200.0000 44.5533 45.0053 -0.45 -1.01
225 4 0 2 0 1 3.4243 210.0000 45.1266 45.6821 -0.56 -1.23
225 4 0 2 0 1 3.4243 220.0000 45.7238 46.3771 -0.65 -1.43
225 4 0 2 0 1 3.4243 230.0000 46.3450 47.0904 -0.75 -1.61
225 4 0 2 0 1! 3.4243 240.0000 47.0139 47.8218 -0.81 -1.72
225 4 0 2 0 1 3.4243 250.0000 47.7305 48.5714 -0.84 -1.76
225 4 0 2 0 1 3.4243 260.0000 48.4711 49.3391 -0.87 -1.79
225 4 0 2 0 1 3.4243 270.0000 49.2355 50.1251 -0.89 -1.81
225 4 0 2 0 1 3.4243 280.0000 50.0717 50.9292 -0.86 -1.71
225 4 0 2 0 1 3.4243 290.0000 50.9078 51.7515 -0.84 -1.66
225 4 0 2 0 1 3.4243 300.0000 51.7917 52.5921 -0.80 -1.55
225 4 0 2 0 1 3.4243 310.0000 52.7234 53.4507 -0.73 -1.38
225 4 0 2 0 1 3.4243 320.0000 53.6789 54.3276 -0.65 -1.21
225 4 0 2 0 1 3.4243 330.0000 54.6823 55.2227 -0.54 — 0.99
225 4 0 2 0 1 3.4243 340.0000 55.7334 56.1359 -0.40 -0.72
227 4 0 0 1 1 3.5825 170.0000 37.0521 34.9940 2.06 5.55
227 4 0 0 1 1 3.5825 180.0000 37.4821 35.5844 1.90 5.06
227 4 0 0 1 1 3.5825 190.0000 37.9360 36.1838 1.75 4.62
227 4 0 0 1 1 3.5825 200.0000 38.4376 36.7923 1.65 4.28
227 4 0 0 1 1 3.5825 210.0000 38.9632 37.4098 1.55 3.99
227 4 0 0 1 1 3.5825 220.0000 39.5127 38.0363 1.48 3.74
227 4 0 0 1 1 3.5825 230.0000 40.0860 38.6718 1.41 3.53
227 4 0 0 1 1 3.5825 240.0000 40.7071 39.3164 1.39 3.42
227 4 0 0 1 1 3.5825 250.0000 41.3282 39.9700 1.36 3.29
227 4 0 0 1 1 3.5825 260.0000 41.9971 40.6327 1.36 , 3.25
227 4 0 0 1 1 3.5825 270.0000 42.6899 41.3043 1.39 3.25
227 4 0 0 1 1 3.5825 280.0000 43.4066 41.9850 1.42 3.28
227 4 0 0 1 1 3.5825 290.0000 44.1233 42.6747 1.45 3.28
227 4 0 0 1 1 3.5825 300.0000 44.9355 43.3735 1.56 3.48
227 4 0 0 1 1. 3.5825 310.0000 45.7477 44.0813 1.67 3.64
228 2 3 0 0 1 2.5568 160.0000 40.4085 40.6563 -0.25 -0.61
228 2 3 0 0 1 2.5568 170.0000 40.6593 41.0097 -0.35 — 0.86
228 2 3 0 0 1 2.5568 180.0000 40.8743 41.3711 -0.50 -1.22
228 2 3 0 0 1 2.5568 190.0000 41.1132 41.7407 -0.63 -1.53
228 2 3 0 0 1 2.5568 200.0000 41.3999 42.1184 -0.72 -1.74
228 2 3 0 0 1 2.5568 210.0000 41.7105 42.5041 -0.79 -1.90
274
228 2 3 0 0 1 2.5568 220.0000 42.0688 42.8980 -0.83 -1.97
228 2 3 0 0 1 2.5568 230.0000 42.4510 43.3000 -0.85 -2.00
228 2 3 0 0 1 2.5568 240.0000 42.8810 43.7102 -0.83 -1.93
228 2 3 0 0 1 2.5568 250.0000 43.3349 44.1284 -0.79 -1.83
228 2 3 0 0 1 2.5568 260.0000 43.8366 44.5547 -0.72 -1.64
228 2 3 0 0 1 2.5568 270.0000 44.3622 44.9891 -0.63 -1.41
228 2 3 0 0 1 2.5568 280.0000 44.9355 45.4317 -0.50 -1.10
228 2 3 0 0 1 2.5568 290.0000 45.5327 45.8823 -0.35 -0.77
228 2 3 0 0 1 2.5568 300.0000 45.9388 46.3411 -0.40 -0.88
228 2 3 0 0 1 2.5568 310.0000 46.8466 46.8079 0.04 0.08
229 2 9 0 0 1 2.7890 250.0000 84.8304 84.6682 0.16 0.19
229 2 9 0 0 1 2.7890 260.0000 85.1648 85.6927 -0.53 -0.62
229 2 9 0 0 1 2.7890 270.0000 85.8098 86.7275 -0.92 -1.07
229 2 9 0 0 1 2.7890 280.0000 86.6699 87.7726 -1.10 -1.27
229 2 9 0 0 1 2.7890 290.0000 87.6971 88.8281 -1.13 -1.29
229 2 9 0 0 1 2.7890 300.0000 88.7960 89.8938 -1.10 -1.24
229 2 9 0 0 1 - 2.7890 310.0000 89.9427 90.9699 -1.03 -1.14
229 2 9 0 0 1 2.7890 320.0000 91.1610 92.0563 -0.90 -0.98
229 2 9 0 0 1 2.7890 330.0000 92.3794 93.1530 -0.77 -0.84
229 2 9 0 0 1 2.7890 340.0000 93.6455 94.2600 -0.61 -0.66
229 2 9 0 0 1 2.7890 350.0000 94.9833 95.3773 -0.39 -0.41
230 3 0 1 0 1 2.9364 130.0000 32.4654 31.8243 0.64 1.97
230 3 0 1 0 1 2.9364 140.0000 32.5131 32.1206 0.39 1.21
230 3 0 1 0 1 2.9364 150.0000 32.6087 32.4296 0.18 0.55
230 3 0 1 0 1 2.9364 160.0000 32.7520 32.7512 0.00 0.00
230 3 0 1 0 1 2.9364 170.0000 32.9670 33.0853 -0.12 -0.36
230 3 0 1 0 1 2.9364 180.0000 33.2059 33.4321 -0.23 -0.68
230 3 0 1 0 1 2.9364 190.0000 33.4926 33.7914 -0.30 — 0.89
230 3 0 1 0 1 2.9364 200.0000 33.8270 34.1634 -0.34 — 0.99
230 3 0 1 0 1 2.9364 210.0000 34.1854 34.5479 -0.36 -1.06
230 3 0 1 0 1 2.9364 220.0000 34.5676 34.9450 -0.38 -1.09
230 3 0 1 0 1 2.9364 230.0000 34.7587 35.3548 -0.60 -1.71
230 3 0 1 0 1 2.9364 240.0000 35.4515 35.7771 -0.33 -0.92
230 3 0 1 0 1 2.9364 250.0000 35.9293 36.2120 -0.28 -0.79
230 3 0 1 0 1 2.9364 260.0000 36.4548 36.6595 -0.20 — 0.56
230 3 0 1 0 1 2.9364 270.0000 37.0043 37.1196 -0.12 -0.31
230 3 0 1 0 1 2.9364 280.0000 37.5538 37.5923 -0.04 -0.10
230 3 0 1 0 1 2.9364 290.0000 38.1510 38.0776 0.07 0.19
230 3 0 1 0 1 2.9364 300.0000 38.7960 38.5755 0.22 0.57
230 3 0 1 0 1 2.9364 310.0000 39.4649 39.0860 0.38 0.96
231 2 2 0 0 1 2.4797 140.0000 33.7076 34.3181 -0.61 -1.81
231 2 2 0 0 1 2.4797 150.0000 33.8987 34.5596 -0.66 -1.95
231 2 2 0 0 1 2.4797 160.0000 34.0898 34.8088 -0.72 -2.11
231 2 2 0 0 1 2.4797 170.0000 34.3048 35.0658 -0.76 -2.22
231 2 2 0 0 1 2.4797 180.0000 34.5437 35.3305 -0.79 -2.28
231 2 2 0 0 1 2.4797 190.0000 34.8304 35.6030 -0.77 -2.22
231 2 2 0 0 1 2.4797 200.0000 35.1171 35.8832 -0.77 -2.18
231 2 2 0 0 1 2.4797 210.0000 35.4276 36.1711 -0.74 -2.10
231 2 2 0 0 1 2.4797 220.0000 35.7860 36.4668 -0.68 -1.90
231 2 2 0 0 1 2.4797 230.0000 36.1682 36.7702 -0.60 -1.66
231 2 2 0 0 1 2.4797 240.0000 36.5504 37.0813 -0.53 -1.45
231 2 2 0 0 1 2.4797 250.0000 37.0043 37.4002 -0.40 -1.07
231 2 2 0 0 1 2.4797 260.0000 37.4582 37.7268 -0.27 -0.72
231 2 2 0 0 1 2.4797 270.0000 37.9599 38.0612 -0.10 -0.27
231 2 2 0 0 1 2.4797 280.0000 38.4854 38.4033 0.08 0.21
231 2 2 0 0 1 2.4797 290.0000 39.0349 38.7532 0.28 0.72
231 2 2 0 0 1 2.4797 300.0000 39.6321 39.1108 0.52 1.32
231 2 2 0 0 1 2.4797 310.0000 40.2532 39.4761 0.78 1.93
275
232 2 4 0 0 1 2.7635 160.0000 45.8672 46.4076 -0.54 -1.18
232 2 4 0 0 1 2.7635 170.0000 46.2733 46.8574 -0.58 -1.26
232 2 4 0 0 1 2.7635 180.0000 46.6794 47.3156 -0.64 -1.36
232 2 4 0 0 1 2.7635 190.0000 47.0616 47.7823 -0.72 -1.53
232 2 4 0 0 1 2.7635 200.0000 47.4678 48.2574 -0.79 -1.66
232 2 4 0 0 1 2.7635 210.0000 47.8978 48.7411 -0.84 -1.76
232 2 4 0 0 1 2.7635 220.0000 48.3516 49.2332 -0.88 -1.82
232 2 4 0 0 1 2.7635 230.0000 48.8055 49.7338 -0.93 -1.90
232 2 4 0 0 1 2.7635 240.0000 49.3072 50.2428 -0.94 -1.90
232 2 4 0 0 1 2.7635 250.0000 49.8328 50.7604 -0.93 -1.86
232 2 4 0 0 1 2.7635 260.0000 50.4061 51.2864 -0.88 -1.75
232 2 4 0 0 1 2.7635 270.0000 51.0033 51.8209 -0.82 -1.60
232 2 4 0 0 1 2.7635 280.0000 51.6484 52.3639 -0.72 -1.39
232 2 4 0 0 1 2.7635 290.0000 52.3411 52.9153 -0.57 -1.10
232 2 4 0 0 1 2.7635 300.0000 53.0817 53.4752 -0.39 -0.74
232 2 4 0 0 1 2.7635 310.0000 53.8462 54.0436 -0.20 -0.37
232 2 4 0 0 1 2.7635 320.0000 54.6345 54.6205 . 0.01 0.03
232 2 4 0 0 1 2.7635 330.0000 55.4467 55.2059 0.24 0.43
AVERAGE ABSOLUTE ERROR : 0.712
AVERAGE PERCENT DEVIATION : 1.679
Number of data points = 161 
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within +0.5 62 38.51
Within +1.0 128 79.50
Better than +2.0 158 98.14




















INPUT DATA AND RESULTS
CID G1 G2 G3 BAL TEMP CPo CPc AER APD
243 1 1 1 3.1207 185.0000 31.7100 33.4780 -1.77 -5.58
243 1 1 1 3.1207 190.0000 31.5300 33.4170 -1.89 -5.98
243 1 1 1 3.1207 200.0000 31.2600 33.2773 -2.02 -6.45
243 1 1 1 3.1207 210.0000 31.1000 33.1142 -2.01 -6.48
243 1 1 1 3.1207 220.0000 31.0200 32.9278 -1.91 -6.15
243 1 1 1 3.1207 230.0000 31.0200 32.7179 -1.70 -5.47
243 1 1 1 3.1207 240.0000 31.0600 32.4847 -1.42 -4.59
243 1 1 1 3.1207 250.0000 31.1500 32.2281 -1.08 -3.46
243 1 1 1 3.1207 260.0000 31.2800 31.9481 -0.67 -2.14
276
243 1 1 1 3.1207 270.0000 31.4300 31.6447 -0.21 —0.68
243 1 1 1 3.1207 280.0000 31.6300 31.3179 0.31 0.99
243 1 1 1 3.1207 290.0000 31.8600 30.9677 0.89 2.80
243 1 1 1 3.1207 300.0000 32.1300 30.5941 1.54 4.78
244 1 0 1 3.0789 100.0000 27.1357 28.2874 -1.15 -4.24
244 1 0 1 3.0789 110.0000 27.4271 28.2641 — 0.84 -3.05
244 1 0 1 3.0789 120.0000 27.7377 28.2170 — 0. 48 -1.73
244 1 0 1 3.0789 130.0000 28.0650 28.1461 -0. 08 -0.29
244 1 0 1 3.0789 140.0000 28.4114 28.0515 0.36 1.27
244 1 0 1 3.0789 150.0000 28.7793 27.9331 0.85 2.94
244 1 0 1 3.0789 160.0000 29.1734 27.7910 1.38 4.74
244 1 0 1 3.0789 170.0000 29.5915 27.6251 1.97 6.65
244 1 0 1 3.0789 180.0000 30.0406 27.4355 2.61 8.67
244 1 0 1 3.0789 190.0000 30.5208 27.2221 3.30 10.81
244 1 0 1 3.0789 200,0000 31.0368 26.9849 4.05 13.06
AVERAGE ABSOLUTE ERROR : 1.437
AVERAGE PERCENT DEVIATION : 
Number of data points = 24
Estimation aqcuracy, cal/mk
Accuracy range
Within + 0.5 
Within i 1.0 
Better than ±2.0 






























CORRECTION TERMS ARE :
BAL 1.64333





CID G1 G2 G3 BAL TEMP CPo CPc AER APD
238 1 0 1 2.5138 230.0000 20.9100 20.6752 0.23 1.12
238 1 0 1 2.5138 235.0000 20;9600 20.7370 0.22 1.06
238 1 0 1 2.5138 240.0000 21.0100 20.8005 0.21 1.00
238 1 0 1 2.5138 245.0000 21.0600 20.8657 0.19 0.92
238 1 0 1 2.5138 250.0000 21.1200 20.9326 0.19 0.89
238 1 0 1 2.5138 255.0000 21.1700 21.0012 0.17 0.80
238 1 0 1 2.5138 260.0000 21.2300 21.0716 0.16 0.75
238 1 0 1 2.5138 265.0000 21.3000 21.1436 0.16 0.73
238 1 0 1 2.5138 270.0000 21.3700 21.2174 0.15 0.71
277
238 1 0 1 2.5138 275.0000 21.4500 21.2929 0.16 0.73
238 1 0 1 2.5138 280.0000 21.5300 21.3700 0.16 0.74
238 1 0 1 2.5138 285.0000 21.6200 21.4489 0.17 0.79
238 1 0 1 2.5138 290.0000 21.7100 21.5295 0.18 0.83
238 1 0 1 2.5138 295.0000 21.8000 21.6119 0.19 0.86
238 1 0 1 2.5138 300.0000 21.8900 21.6959 0.19 0.89
241 0 3 2 2.7915 250.0000 42.1600 41.9622 0.20 0.47
241 0 3 2 2.7915 260.0000 42.4600 42.3665 0.09 0.22
241 0 3 2 2.7915 270.0000 42.7900 42.7684 0.02 0.05
241 0 3 2 2.7915 280.0000 43.1300 43.1676 -0.04 -0.09
241 0 3 2 2.7915 290.0000 43.4900 43.5643 -0.07 -0.17
241 0 3 2 2.7915 300.0000 43.8700 43.9585 -0.09 -0.20
241 0 3 2 2.7915 310.0000 44.2600 44.3500 -0.09 -0.20
241 0 3 2 2.7915 320.0000 44.6700 44.7390 -0.07 -0.15
241 0 3 2 2.7915 330.0000 45.1000 45.1255 -0.03 -0.06
241 0 3 2 2.7915 340.0000 45.5400 45.5093 0.03 0.07
241 0 3 2 2.7915 350.0000 46.0000 45.8907 0.11 0.24
245 1 1 2.4604 190.0000 26.3900 26.3498 0.04 0.15
245 1 1 1 2.4604 200.0000 26.4900 26.5451 -0.06 -0.21
245 1 1 1 2.4604 210.0000 26.6100 26.7477 -0.14 -0.52
245 1 1 1 2.4604 220.0000 26.7500 26.9575 -0.21 -0.78
245 1 1 1 2.4604 230.0000 26.9100 27.1745 -0.26 -0.98
245 1 1 1 2.4604 240.0000 27.1000 27.3988 -0.30 -1.10
245 1 1 1 2.4604 250.0000 27.2900 27.6302 -0.34 -1.25
245 1 1 1 2.4604 260.0000 27.5200 27.8689 -0.35 -1.27
245 1 1 1 2.4604 270.0000 27.7900 28.1147 -0.32 -1.17
245 1 1 1 2.4604 280.0000 28.0600 28.3678 -0.31 -1.10
245 1 1 2.4604 290.0000 28.3400 28.6281 -0.29 -1.02
245 1 1 1 2.4604 300.0000 28.6100 28.8956 -0.29 -1.00
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 







Better than ±2.0 
































INPUT DATA AND RESULTS
CID G1 G2 G3 BAL TEMP CPo CPc AER APD
248 1 1 1 2.0480 188.3600 36.7400 33.7792 2.96 8.06
248 1 1 1 2.0480 190.0000 36.8000 33.8461 2.95 8.03
248 1 1 1 2.0480 200.0000 31.1300 34.2449 — 3.11 -10.01
248 1 1 1 2.0480 210.0000 31.3800 34.6282 -3.25 -10.35
248 1 1 1 2.0480 220.0000 31.5900 34.9959 -3.41 -10.78
248 1 1 2.0480 230.0000 31.7800 35.3481 -3.57 -11.23
248 1 1 1 2.0480 240.0000 31.9400 35.6848 -3.74 -11.72
248 1 1 2.0480 250.0000 38.0800 36.0059 2.07 5.45
248 1 1 1 2.0480 260.0000 38.2200 36.3115 1.91 4.99
248 1 1 1 2.0480 270.0000 38.3600 36.6016 1.76 4.58
248 1 1 1 2.0480 273.1500 38.4000 36.6898 1.71 4.45
248 1 1 1 2.0480 280.0000 38.5100 36.8762 1.63 4.24
248 1 1 1 2.0480 298.0000 38.6800 37.3312 1.35 3.49
248 1 1 1 2.0480 298.1500 38.8400 37.3348 1.51 3.88
248 1 1 1 2.0480 300.0000 38.8800 37.3787 1.50 3.86
248 1 1 1 2.0480 320.0000 39.0000 37.8191 1.18 3.03
248 1 1 1 2.0480 330.0000 39.6700 38.0160 1.65 4.17
248 1 1 2.0480 340.0000 40.0400 38.1974 1.84 4.60
249 2 0 1 2.4282 177.9900 34.9500 34.8548 0.10 0.27
249 2 0 1 2.4282 180.0000 35.0900 34.9246 0.17 0.47
249 2 0 1 2.4282 190.0000 35.7400 35.2673 0.47 1.32
249 2 0 1 2.4282 200.0000 36.3000 35.6029 0.70 1.92
249 2 0 1 2.4282 210.0000 36.7800 35.9312 0.85 2.31
249 2 0 1 2.4282 220.0000 37.1900 36.2523 0.94 2.52
249 2 0 1 2.4282 230.0000 37.5300 36.5661 0.96 2.57
249 2 0 1 2.4282 240.0000 37.8000 36.8728 0.93 2.45
249 2 0 1 2.4282 250.0000 38.0400 37.1723 0.87 2.28
249 2 0 1 2.4282 260.0000 38.2600 37.4645 0.80 2.08
249 2 0 1 2.4282 270.0000 38.4800 37 . 7495 0.73 1.90
249 2 0 1 2.4282 273.1500 38.5500 37.8378 0.71 1.85
249 2 0 1 2.4282 280.0000 38.7000 38.0273 0.67 1.74
249 2 0 1 2.4282 290.0000 38.9400 38.2979 0.64 1.65
249 2 0 1 2.4282 298.1500 39.1600 38.5131 0.65 1.65
249 2 0 1 2.4282 310.0000 39.2100 38.8174 0.39 1.00
249 2 0 1 2.4282 320.0000 39.5000 39.0663 0.43 1.10
250 3 0 1 3.1279 206.2000 42.3000 43.1970 — 0.90 -2.12
250 3 0 1 3.1279 220.0000 43.2300 43.7109 -0.48 -1.11
250 3 0 1 3.1279 230.0000 43.7400 44.0851 -0.35 -0.79
250 3 0 1 3.1279 240.0000 44.7300 44.4607 0.27 0.60
250 3 0 1 3.1279 250.0000 44.4600 44.8378 -0.38 -0.85
250 3 0 1 3.1279 260.0000 44.1300 45.2163 -1.09 -2.46
250 3 0 1 3.1279 270.0000 44.9900 45.5963 -0.61 -1.35
250 3 0 1 3.1279 273.1500 45.0800 45.7163 — 0.64 -1.41
250 3 0 1 3.1279 280.0000 45.2700 45.9778 -0.71 -1.56
250 3 0 1 3.1279 290.0000 45.5700 46.3607 -0.79 -1.74
250 3 0 1 3.1279 298.1500 45.8200 46.6739 -0.85 -1.86
250 3 0 1 3.1279 300.0000 45.8800 46.7451 -0.87 — 1.89
250 3 0 1 3.1279 310.0000 46.2500 47.1310 -0.88 -1.90
250 3 0 1 3.1279 320.0000 46.6800 47.5184 -0.84 -1.80
250 3 0 1 3.1279 330.0000 47.1400 47.9072 -0.77 -1.63
250 3 0 1 3.1279 340.0000 47.6200 48.2974 ”0.68 -1.42
254 0 0 2 2.1268 313.1500 42.6000 44.3062 -1.71 -4.01
254 0 0 2 2.1268 323.1500 42.9600 44.2350 -1.27 -2.97
254 0 0 2 2.1268 333.1500 43.3800 44.1146 -0.73 -1.69
279
AVERAGE ABSOLUTE ERROR ; 
AVERAGE PERCENT DEVIATION : 





Better than +2.0 46









CLASS NAME : DITHIAALKANES





CORRECTION TERMS ARE :
BAL 1.69296









CID G1 G2 G3 BAL TEMP CPo CPc AER APD
272 2 0 1 5.3047 188.4400 34.3700 34.3078 0.06 0.18
272 2 0 1 5.3047 190.0000 34.3400 34.2919 0.05 0.14
272 2 0 1 5.3047 200.0000 34.2100 34.2061 0.00 0.01
272 2 0 1 5.3047 210.0000 34.1300 34.1489 -0.02 -0.06
272 2 0 1 5.3047 220.0000 34.0900 34.1201 -0. 03 -0.09
272 2 0 1 5.3047 230.0000 34.0900 34.1197 -0.03 -0.09
272 2 0 1 5.3047 250.0000 34.2000 34.2043 -0.00 -0.01
272 2 0 1 5.3047 270.0000 34.4200 34.4028 0.02 0.05
272 2 0 1 5.3047 290.0000 34.7600 34.7151 0.04 0.13
272 2 0 1 5.3047 300.0000 34.9600 34.9139 0.05 0.13
272 2 0 1 5.3047 320.0000 35.4300 35.3970 0.03 0.09
272 2 0 1 5.3047 340.0000 35.9900 35.9938 -0.00 -0.01
272 2 0 1 5.3047 360.0000 36.5900 36.7045 -0.11 -0.31
604 2 2 1 4.8405 168.1700 45.8440 45.7588 0.09 0.19
604 2 2 1 4.8405 171.8700 45.8340 45.7722 0.06 0.13
604 2 2 1 4.8405 180.3500 45.8340 45.8181 0.02 0.03
604 2 2 1 4.8405 193.7500 45.8870 45.9334 -0.05 -0.10
604 2 2 1 4.8405 203.2700 45.9630 46.0471 -0.08 -0.18
604 2 2 1 4.8405 213.2700 46.1260 46.1951 -0.07 -0.15
604 2 2 1 4.8405 223.7300 46.3040 46.3811 -0.08 -0.17
604 2 2 1 4.8405 234.0500 46.5080 46.5960 -0. 09 -0.19
604 2 2 1 4.8405 244.2900 46.7960 46.8399 -0.04 -0.09
604 2 2 1 4.8405 254.4400 47.1120 47.1118 0.00 0.00




















AVERAGE ABSOLUTE ERROR : 0.049
AVERAGE PERCENT DEVIATION : 0.117
Number of data points = 27
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within ±0.5 27 100.00
Within ±1.0 27 100.00
Better than +2.0 27 100.00





CLASS NAME : THIAALKANES
INPUT COEFFICIENTS
Group No AO A1 * T A2 * T*T
-CH3- G1 8.9561 -0.13508E- 01 0.43410E-04
-CH2- G2 4.4126 0.90310E- 02 0. 18400E-05
>CH G3 -2.4247 0.31280E- 01 -0. 15460E-04
>C< G4 -13.6800 0.75389E- 01 -0. 76690E-04c-s -C G5 8.9740 -0.21300E- 02 -0. 12090E-04
CORRECTION TERMS ARE :
BAL 0.34140
INPUT DATA AND RESULTS
CID G1 G2 G2 G4 G5 BAL TEMP CPo CPc AER APD
270 2 1 0 0 1 3.3212 170.0000 32.2300 31.2260 1.00 3.12
270 2 1 0 0 1 3.3212 180.0000 32.1800 31.2928 0.89 2.76
270 2 1 0 0 1 3.3212 190.0000 32.1700 31.3750 0.80 2.47
270 2 1 0 0 1 3.3212 200.0000 32.1900 31.4725 0.72 2.23
270 2 1 0 0 1 3.3212 210.0000 32.2700 31.5852 0.68 2.12
270 2 1 0 0 1 3.3212 220.0000 32.3900 31.7133 0.68 2.09
270 2 1 0 0 1 3.3212 230.0000 32.5400 31.8568 0.68 2.10
270 2 1 0 0 1 3.3212 240.0000 32.7500 32.0155 0.73 2.24
270 2 1 0 0 1 3.3212 250.0000 33.0000 32.1895 0.81 2.46
270 2 1 0 0 1 3.3212 260.0000 33.2600 32.3789 0.88 2.65
270 2 1 0 0 1 3.3212 270.0000 33.5600 32.5836 0.98 2.91
270 2 1 0 0 1 3.3212 280.0000 33.8900 32.8035 1.09 3.21
270 2 1 0 0 1 3.3212 290.0000 34.2500 33.0388 1.21 3.54
270 2 1 0 0 1 3.3212 298.1600 34.5700 33.2422 1.33 3.84
271 2 3 0 0 1 2.9813 175.3000 43.7700 43.2480 0.52 1. 19
271 2 3 0 0 1 2.9813 180.0000 43.8100 43.3724 0.44 1.00
271 2 3 0 0 1 2.9813 190.0000 43.9100 43.6488 0.26 0.59
271 2 3 0 0 1 2.9813 200.0000 44.0400 43.9412 0.10 0.22
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287 2 0 0 0 1 3.2161 240.0000 27.0800 25.2936 1.79 6.60
287 2 0 0 0 1 3.2161 250.0000 27.2200 25.3683 1.85 6.80
287 2 0 0 0 1 3.2161 260.0000 27.3900 25.4580 1.93 7.05
287 2 0 0 0 1 3.2161 270.0000 27.5800 25.5626 2.02 7.31
287 2 0 0 0 1- 3.2161 280.0000 27.7900 25.6821 2.11 7.59
287 2 0 0 0 1 3.2161 290.0000 28.0300 25.8166 2.21 7.90
287 2 0 0 0 1 3.2161 300.0000 28.2800 25.9661 2.31 8.18
716 4 0 2 0 1 4.5129 200.0000 49.6600 47.9945 1.67 3.35
716 4 0 2 0 1 4.5129 210.0000 50.1300 48.5941 1.54 3.06
716 4 0 2 0 1 4.5129 220.0000 50.6000 49.2198 1.38 2.73
716 4 0 2 0 1 4.5129 230.0000 51.1200 49.8716 1.25 2.44
716 4 0 2 0 1 4.5129 240.0000 51.6600 50.5495 1.11 2.15
716 4 0 2 0 1 4.5129 250.0000 52.2300 51.2536 0.98 1.87
716 4 0 2 0 1 4.5129 260.0000 52.8700 51.9838 0.89 1.68
716 4 0 2 0 1 4.5129 270.0000 53.5100 52.7401 0.77 1.44
716 4 0 2 0 1 4.5129 280.0000 54.2100 53.5225 0.69 1.27
716 4 0 2 0 1 4.5129 290.0000 54.9100 54.3311 0.58 1.05
716 4 0 2 0 1 4.5129 300.0000 55.5700 55.1658 0.40 0.73
716 4 0 2 0 1 4.5129 310.0000 56.3500 56.0266 0.32 0.57
716 4 0 2 0 1 4.5129 320.0000 57.1400 56.9136 0.23 0.40
716 4 0 2 0 1 4.5129 330.0000 57.9200 57.8267 0.09 0.16
716 4 0 2 0 1 4.5129 340.0000 58.6800 58.7659 -0.09 -0.15
716 4 0 2 0 1 4.5129 350.0000 59.4600 59.7312 -0.27 -0.46
716 4 0 2 0 1 4.5129 360.0000 60.2500 60.7226 -0.47 -0.78
716 4 0 2 0 1 4.5129 370.0000 61.0300 61.7402 -0.71 -1.16
716 4 0 2 0 1 4.5129 380.0000 61.8100 62.7839 -0.97 -1.58
716 4 0 2 0 1 4.5129 390.0000 62.6100 63.8537 -1.24 -1.99
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 




Accuracy range Nc* %
Within + 0.5 33 20.37
Within + 1.0 73 45.06
Better than ±2.0 142 87.65
Higher than ±2.0 20 12.35
Maximum Deviation 3.21

































INPOT DATA AND RESULTS
CID G1 G2 G3 G4 G5 BAL TEMP CPo CPc AER APD
263 1 4 0 0 1 2.5183 200.3400 44.8750 45.2788 -0.80 -1.35
283 1 4 0 0 1 2.5183 211.7000 44.8880 45.5019 -0.82 -1.37
283 1 4 0 0 1 2.5183 220.0400 45.0310 45.8799 -0.85 -1.44
283 1 4 0 0 1 2.5183 231.2000 45.2720 45.9388 —0.88 -1.47
283 1 4 0 0 1 2.5183 241.9100 45.5720 48.2038 -0.83 -1.39
283 1 4 0 0 1 2.5183 252.5000 45.9330 48.4889 -0.55 -1.21
283 1 4 0 0 1 2.5183 282.9900 48.3370 48.7885 -0.45 -0.97
283 1 4 0 0 1 2.5183 282.8400 47.2880 47.4055 -0.12 -0.25
283 1 4 0 0 1 2.5183 292.9700 47.9080 47.7476 0.18 0.33
283 1 4 0 0 1 2.5183 301.8900 48.3980 48.0835 0.33 0.89
283 1 4 0 0 1 2.5183 310.5300 48.9050 48.3828 0.52 1.07
283 1 4 0 0 1 2.5183 321.0000 49.5180 48.7885 0.73 1.48
284 1 2 0 0 1 2.3425 180.0000 32.7900 32.5712 0.22 0.87
284 1 2 0 0 1 2.3425 170.0000 32.8800 32.5040 0.18 0.48
284 1 2 0 0 1 2.3425 180.0000 32.5500 32.4534 0.10 0.30
284 1 2 0 0 1 2.3425 190.0000 32.5000 32.4193 0.08 0.25
284 1 2 0 0 1 2.3425 200.0000 32.4800 32.4017 0.08 0.24
284 1 2 0 0 1 2.3425 210.0000 32.5000 32.4007 0.10 0.31
284 1 2 0 0 1 2.3425 220.0000 32.5800 32.4181 0.18 0.50
284 1 2 0 0 1 2.3425 230.0000 32.8900 32.4481 0.24 0.74
284 1 2 0 0 1 2.3425 240.0000 32.8800 32.4988 0.38 1.11
284 1 2 0 0 1 2.3425 250.0000 33.0700 32.5818 0.51 1.54
284 1 2 0 0 1 2.3425 280.0000 33.3000 32.8432 0.88 1.97
284 1 2 0 0 1 2.3425 270.0000 33.5800 32.7412 0.84 2.50
284 1 2 0 0 1 2.3425 280.0000 33.9000 32.8558 1.04 3.08
284 1 2 0 0 1 2.3425 290.0000 34.2400 32.9889 1.25 3.88
284 1 2 0 0 1 2.3425 300.0000 34.8100 33.1345 1.48 4.28
284 1 2 0 0 1 2.3425 310.0000 34.9900 33.2987 1.89 4.83
284 1 2 0 0 1 2.3425 320.0000 35.3800 33.4793 1.90 5.37
285 2 1 0 1 2.8979 133.0200 38.1800 37.4818 0.88 1.78
285 2 1 0 1 2.8979 140.0000 38.0800 37.5126 0.57 1.49
265 2 1 1 0 1 2.8979 150.0000 37.9500 37.5756 0.37 0.99
285 2 1 1 0 1 2.8979 180.0000 37.8500 37.8803 0.19 0.50
285 2 1 1 0 1 2.8979 170.0000 37.8000 37.7887 0.03 0.09
285 2 1 0 1 2.8979 180:0000 37.7800 37.8949 -0.11 -0.30
285 2 1 1 0 1 2.8979 190.0000 37.8100 38.0448 -0.23 -0.82
285 2 1 1 0 1 2.8979 200.0000 37.8800 38.2184 -0.34 -0.89
285 2 1 1 0 1 2.8979 210.0000 38.0000 38.4098 -0.41 -1.08
285 2 1 1 0 1 2.8979 220.0000 38.1500 38.8250 -0.47 -1.25
285 2 1 1 0 1 2.8979 230.0000 38.3700 38.8819 -0.49 -1.28
285 2 1 1 0 1 2.8979 240.0000 38.8400 39.1205 — 0.48 -1.24
285 2 1 1 0 1 2.8979 250.0000 38.9400 39.4009 -0.48 -1.18
285 2 1 1 0 1 2.8979 280.0000 39.2900 39.7030 -0.41 -1.05
285 2 1 1 0 1 2.8979 270.0000 39.8800 40.0288 -0.35 -0.87
285 2 1 1 0 1 2.8979 273.1500 39.8100 40.1334 -0.32 -0.81
285 2 1 1 0 1 2.8979 280.0000 40.7100 40.3724 0.34 0.83
285 2 1 1 0 1 2.8979 290.0000 40.5400 40.7398 -0.20 -0.49
285 2 1 1 0 1 2.8979 298.1800 40.9200 41.0558 -0.14 -0.33
285 2 1 1 0 1 2.8979 300.0000 41.0100 41.1288 -0.12 -0.29
285 2 1 1 0 1 2.8979 310.0000 41.5100 41.5397 -0.03 -0.07
288 3 1 0 1 1 3.5383 189.3000 42.8400 41.1878 1.47 3.45
288 3 1 0 1 1 3.5383 170.0000 42.8500 41.1930 1.48 3.42
288 3 1 0 1 1 3.5383 180.0000 42.8100 41.5848 1.25 2.91
288 3 1 0 1 1 3.5383 190.0000 42.9900 41.9548 1.04 2.41
285
268 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1" 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
266 3 1 0 1 1 3.5363
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
267 3 0 0 1 1 3.5488
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
269 2 0 1 0 1 2.8666
276 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526
275 2 2 1 0 1 2.8526





























2 0 0 . 0 0 0 0  
2 1 0 . 0 0 0 0  


















200 .0000  









43.2000 42.3629 0.84 1.94
43.4300 42.7893 0.64 1.48
43.7200 43.2338 0.49 1.11
44.0500 43.6965 0.35 0.80
44.4200 44.1774 0.24 0.55
44.8400 44.6765 0.16 0.36
45.3100 45.1937 0.12 0.26
45.8000 45.7291 0.07 0.15
46.3300 46.2827 0.05 0.10
4618800 46.8545 0.03 0.05
47.4800 47.4444 0.04 0.07
48.0900 48.0526 0.04 0.08
48.7400 48.6789 0.06 0.13
49.3800 49.3234 0.06 0.11
50.0500 49.9860 0.06 0.13
50.7500 50.6669 0.08 0.16
40.9980 39.2596 1.74 4.24
41.3490 39.6301 1.72 4.16
41.7390 39.9904 1.75 4.19
42.0180 40.2892 1.73 4.11
42.4720 40.7505 1.72 4.05
42.9160 41.2211 1.69 3.95
43.3540 41.7004 1.65 3.81
31.4040 31.7160 -0.31 -0.99
31.4930 31.7047 -0.21 -0.67
31.5830 31.7147 -0.13 -0.42
31.6930 31.7462 -0.05 -0.17
31.8130 31.7990 0.01 0.04
31.9440 31.8731 0.07 0.22
32.1040 31.9687 0.14 0.42
32.2930 32.0856 0.21 0.64
32.5130 32.2239 0.29 0.89
32.7520 32.3836 0.37 1.12
33.0210 32.5646 0.46 1.38
33.3220 32.7670 0.55 1.67
33.6620 32.9908 0.67 1.99
34.0320 33.2360 0.80 2.34
34.4120 33.5025 0.91 2.64
34.8010 33.7904 1.01 2.90
35.2120 34.0997 1.11 3.16
35.6710 34.4304 1.24 3.48
36.1320 34.7824 1.35 3.74
43.4050 43.1519 0.25 0.58
43.2250 43.3105 -0.09 -0.20
43.1060 43.4912 — 0.39 -0.89
43.0730 43.6941 -0.62 -1.44
43.1000 43.9190 -0.82 -1.90
43.1920 44.1660 -0.97 -2.26
43.3720 44.4352 -1.06 -2.45
43.6140 44.7264 -1.11 -2.55
43.9180 45.0398 -1.12 -2.55
44.2770 45.3753 -1.10 -2.48
44.7020 45.7328 -1.03 -2.31
45.1600 46.1125 -0.95 -2.11
45.6630 46.5143 -0.85 -1.86
46.2010 46.9383 -0.74 -1.60
46.7570 47.3843 -0.63 -1.34
47.3580 47.8524 -0.49 -1.04
286
275 2 2 1 0 1 2.8526 300.0000 47.9990 48.3427 -0.34 -0.72
275 2 2 1 0 1 2.8526 310.0000 48.6240 48.8550 -0.23 -0.48
275 2 2 1 0 1 2.8526 320.0000 49.2810 49.3895 -0.11 -0.22
275 2 2 1 0 1 2.8526 330.0000 49.9720 49.9461 0.03 0.05
275 2 2 1 0 1 2.8526 340.0000 50.6800 50.5247 0.16 0.31
275 2 2 1 0 1 2.8526 350.0000 51.4120 51.1255 0.29 0.56
275 2 2 1 0 1 2.8526 360.0000 52.1680 51.7484 0.42 0.80
275 2 2 1 0 1 2.8526 370.0000 52.8880 52.3935 0.49 0.94
275 2 2 1 0 1 2.8526 380.0000 53.6000 53.0606 0.54 1.01
278 3 0 2 0 1 3.3080 150.0000 43.3450 42.2600 1.09 2.50
276 3 0 2 0 1 3.3080 160.0000 43.2340 42.5130 0.72 1.67
276 3 0 2 0 1 3.3080 170.0000 43.2290 42.7930 0.44 1.01
276 3 0 2 0 1 3.3080 180.0000 43.2680 43.1000 0.17 0.39
276 3 0 2 0 1 3.3080 190.0000 43.3530 43.4339 -0.08 -0.19
276 3 0 2 0 1 3.3080 200.0000 43.4880 43.7948 -0.31 -0.71
276 3 0 2 0 1 3.3080 210.0000 43.6750 44.1827 -0.51 -1.16
276 3 0 2 0 1 3.3080 220.0000 43.9230 44.5975 -0.67 -1.54
276 3 0 2 0 1 3.3080 230.0000 44.2350 45.0393 -0.80 -1.82
276 3 0 2 0 1 3.3080 240.0000 44.5970 45.5081 -0.91 -2.04
276 3 0 2 0 1 3.3080 250.0000 45.0100 46.0038 -0.99 -2.21
276 3 0 2 0 1 3.3080 260.0000 45.4690 46.5265 -1.06 -2.33
276 3 0 2 0 1 3.3080 270.0000 45.9600 47.0761 -1.12 -2.43
276 3 0 2 0 1 3.3080 280.0000 46.4940 47.6527 -1.16 -2.49
276 3 0 2 0 1 3.3080 290.0000 47.0620 48.2563 -1.19 -2.54
276 3 0 2 0 1 3.3080 300.0000 47.6710 48.8868 -1.22 -2.55
276 3 0 2 0 1 3.3080 310.0000 48.3330 49.5443 -1.21 -2.51
276 3 0 2 0 1 3.3080 320.0000 48.9940 50.2288 -1.23 -2.52
276 3 0 2 0 1 3.3080 330.0000 49.6650 50.9402 -1.28 -2.57
276 3 0 2 0 1 3.3080 340.0000 50.3530 51.6786 -1.33 -2.63
276 3 0 2 0 1 3.3080 350.0000 51.0520 52.4440 -1.39 -2.73
276 3 0 2 0 1 3.3080 360.0000 51.7740 53.2363 -1.46 -2.82
276 3 0 2 0 1 3.3080 370.0000 52.4990 54.0556 -1.56 -2.96
276 3 0 2 0 1 3.3080 380.0000 53.2290 54.9018 -1.67 -3.14
276 3 0 2 0 1 3.3080 390.0000 53.5940 55.7751 -2.18 -4.07
715 2 1 1 0 1 2.8796 130.0000 37.4900 37.4417 0.05 0. 13
715 2 1 1 0 1 2.8796 140.0000 37.5000 37.4829 0.02 0.05
715 2 1 1 0 1 2.8796 150.0000 37.5000 37.5458 -0.05 -0.12
715 2 1 1 0 1 2.8796 160.0000 37.5200 37.6305 -0.11 -0.29
715 2 1 1 0 1 2.8796 170.0000 37.5500 37.7369 -0.19 -0.50
715 2 1 1 0 1 2.8796 180.0000 37.6100 37.8651 -0.26 -0.68
715 2 1 1 0 1 2.8796 190.0000 37.6900 38.0150 -0.33 — 0.86
715 2 1 1 0 1 2.8796 200.0000 37.8000 38.1867 -0.39 -1.02
715 2 1 1 0 1 2.8796 210.0000 37.9400 38.3801 -0.44 -1.16
715 2 1 1 0 1 2.8796 220.0000 38.1400 38.5952 — 0.46 -1.19
715 2 1 1 0 1 2.8796 230.0000 38.3900 38.8321 -0.44 -1.15
715 2 1 1 0 1 2.8796 240.0000 38.6800 39.0907 -0.41 -1.06
715 2 1 1 0 1 2.8796 250.0000 39.0100 39.3711 -0.36 -0.93
715 2 1 1 0 1 2.8796 260.0000 39.3800 39.6732 -0.29 -0.74
715 2 1 1 0 1 2.8796 270.0000 39.7900 39.9971 -0.21 -0.52
715 2 1 1 0 1 2.8796 280.0000 40.2400 40.3427 -0.10 -0.26
715 2 1 1 0 1 2.8796 290.0000 40.6900 40.7100 -0.02 -0.05
715 2 1 1 0 1 2.8796 300.0000 40.1700 41.0991 — 0.93 -2.31
715 2 1 1 0 1 2.8796 310.0000 41.6800 41.5099 0.17 0.41
715 2 1 1 0 I 2.8796 320.0000 42.2200 41.9425 0.28 0.66
715 2 1 1 0 1 2.8796 330.0000 42.7600 42.3968 0.36 0.85
715 2 1 1 0 1 2.8796 340.0000 43.3200 42.8728 0.45 1.03
715 2 1 1 0 1 2.8796 350.0000 43.8700 43.3706 0.50 1.14
287
AVERAGE ABSOLUTE ERROR : 0.600
AVERAGE PERCENT DEVIATION : 1.436
Number of data points = 169 
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within t 0.5 95 56.21
Within ±1.0 129 76.33
Better than ±2.0 168 99.41
Higher than ±2.0 1 0.59
Maximum Deviation 2.18
CLASS NAME : FLUOROBENZENES






CORRECTION TERMS ARE :
BAL 1.27895











CID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
303 4 2 2 0 3.4063 226.0100 33.8600 34.5863 -0.73 -2.14
303 4 2 2 0 3.4063 230.0000 34.0600 34.7798 -0.72 -2.11
303 4 2 2 0 3.4063 240.0000 34.5900 35.2790 -0.69 -1.99
303 4 2 2 0 3.4063 250.0000 35.1100 35.7985 -0.69 -1.96
303 4 2 2 0 3.4063 260.0000 35.6800 36.3382 -0.66 -1.84
303 4 2 2 0 3.4063 270.0000 36.2700 36.8982 -0.63 -1.73
303 4 2 2 0 3.4063 280.0000 36.8800 37.4785 -0.60 -1.62
303 4 2 2 0 3.4063 290.0000 37.5000 38.0790 -0.58 -1.54
303 4 2 2 0 3.4063 300.0000 38.1200 38.6998 — 0.58 -1.52
303 4 2 2 0 3.4063 310.0000 38.7500 39.3408 -0.59 -1.52
303 4 2 2 0 3.4063 320.0000 39.3800 40.0021 -0.62 -1.58
303 4 2 2 0 3.4063 330.0000 40.0100 40.6837 -0.67 -1.68
303 4 2 2 0 3.4063 340.0000 40.6200 41.3856 -0.77 -1.88
303 4 2 2 0 3.4063 350.0000 41.1800 42.1077 -0.93 -2.25
303 4 2 2 0 3.4063 360.0000 41.7100 42.8500 -1.14 -2.73
303 4 2 2 0 3.4063 370.0000 42.2300 43.6127 -1.38 -3.27
304 2 4 4 0 3.7587 240.0000 41.9494 42.3388 -0.39 -0.93
304 2 4 4 0 3.7587 250.0000 42.5466 42.8477 -0.30 -0.71
304 2 4 4 0 3.7587 260.0000 43.1438 43.3754 -0.23 -0.54
304 2 4 4 0 3.7587 270.0000 43.7172 43.9221 -0.20 -0.47
304 2 4 4 0 3.7587 280.0000 44.3144 44.4876 -0.17 — 0.39
304 2 4 4 0 3.7587 290.0000 44.8877 45.0720 -0.18 -0.41
304 2 4 4 0 3.7587 300.0000 45.4850 45.6753 -0.19 -0.42
304 2 4 4 0 3.7587 310.0000 46.1061 46.2976 -0.19 -0.42
288
304 2 4 4 0 3.7587
305 2 4 4 0 3.7164
305 2 4 4 0 3.7164
305 2 4 4 0 3.7164
305 2 4 4 0 3.7164
305 2 4 4 G 3.7164
305 2 4 4 0 3.7164
305 2 4 4 0 3.7164
305 2 4 4 G 3.7164
305 2 4 4 G 3.7164
305 2 4 4 G 3.7164
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
307 2 4 4 G 3.679G
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
311 0 6 5 1 3.9227
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 .2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
312 4 2 1 1 3.15G3
328 5 1 1 G 3.1758
326 5 1 1 G 3.1758
326 5 1 1 G 3.1758
326 5 1 1 G 3.1758
326 5 1 1 G 3.1758
32G.G00G 46.7989 46.9387 -0.14 -0.30
226.9GGG 41.5194 41.6467 -0.13 -0.31
23G.G00G 41.6627 41.7948 -0.13 -0.32
240.GG0G 42.1405 42.2847 -0.14 -0.34
25G.GGG0 42.6421 42.7936 -0.15 -0.36
26G.GGGG 43.1677 43.3213 -0.15 -0.36
27G.GG0G 43.7410 43.8680 -0.13 -0.29
28G.GGGG 44.3144 44.4335 -0.12 -0.27
29G.GGGG 44.9355 45.0179 -0.08 -0.18
3GG.GGGG 45.5805 45.6213 -0.04 -0.09
31G.GGGG 46.2733 46.2435 0.03 0.06
277.GGGG 44.6488 44.2140 0.43 0.97
28G.GGGG 44.8399 44.3857 0.45 1.01
29G.GGGG 45.4372 44.9701 0.47 1.03
3GG.GGGG 46.0344 45.5734 0.46 1.00
31G.GGGG 46.6316 46.1956 0.44 0.93
32G.GGGG 47.2289 46.8367 0.39 0.83
33G.GGGG 47.8261 47.4967 0.33 0.69
34G.GGGG 48.4233 48.1756 0.25 0.51
35G.GGGG 48.9967 48.8734 0.12 0.25
243.3GGG 50.2867 50.2881 -0.00 -0.00
243.35GG 50.2867 50.2908 -0.00 -0.01
25G.GG00 50.7167 50.6566 0.06 0.12
26G.G0G0 51.3617 51.2274 0.13 0.26
270.GOGO 52.0306 51.8233 0.21 0.40
273.1500 52.2456 52.0161 0.23 0.44
280.0000 52.6995 52.4440 0.26 0.48
290.0000 53.3923 53.0898 0.30 0.57
298.1500 53.9417 53.6346 0.31 0.57
300.0000 54.0850 53.7605 0.32 0.60
310.0000 54.7778 54.4562 0.32 0.59
320.0000 55.4945 55.1769 0.32 0.57
330.0000 56.2112 55.9226 0.29 0.51
340.0000 56.9517 56.6932 0.26 0.45
350.0000 57.6923 57.4888 0.20 0.35
360.0000 58.4329 58.3094 0.12 0.21
370.0000 59.1973 59.1549 0.04 0.07
380.0000 59.9618 60.0255 -0.06 -0.11
220.0000 36.0800 34.8536 1.23 3.40
230.0000 36.5500 35.3652 1.18 3.24
240.0000 37.0800 35.9046 1.18 3.17
250.0000 37.6700 36.4717 1.20 3.18
260.0000 38.2900 37.0665 1.22 3.20
270.0000 38.9400 37.6890 1.25 3.21
280.0000 39.6100 38.3393 1.27 3.21
290.0000 40.3200 39.0172 1.30 3.23
300.0000 41.0400 39.7229 1.32 3.21
310.0000 41.7400 40.4563 1.28 3.08
320.0000 42.4400 41.2174 1.22 2.88
330.0000 43.1400 42.0063 1.13 2.63
340.0000 43.8200 42.8228 1.00 2.28
350.0000 44.5000 43.6671 0.83 1.87
360.0000 45.1800 44.5391 0.64 1.42
230.9400 31.5600 31.2223 0.34 1.07
240.0000 31.9100 31.6796 0.23 0.72
250.0000 32.3700 32.2044 0.17 0.51
260.0000 32.8600 32.7501 0.11 0.33
270.0000 33.3700 33.3168 0.05 0.16
289
326 5 1 1 0 3.1756 280.0000 33.9200 33.9044 0.02 0.05
326 5 1 1 0 3.1758 290.0000 34.4900 34.5130 -0.02 -0.07
326 5 1 1 0 3.1758 300.0000 35.0800 35.1425 -0.06 -0.18
326 5 1 0 3.1758 310.0000 35.6900 35.7930 -0.10 -0.29
326 5 1 1 0 3.1758 320.0000 36.3200 36.4644 -0.14 -0.40
326 5 1 1 0 3.1758 330.0000 36.9500 37.1568 -0.21 -0.56
326 5 1 1 0 3.1758 340.0000 37.5900 37.8701 -0.28 -0.75
326 5 1 1 0 3.1758 350.0000 38.2300 38.6044 -0.37 -0.98
331 0 6 6 0 4.1246 278.3000 52.2210 51.4192 0.80 1.54
331 0 6 6 0 4.1246 280.0000 52.2780 51.5140 0.76 1.46
331 0 6 6 0 4.1246 290.0000 52.6240 52.0824 0.54 1.03
331 0 6 8 0 4.1246 300.0000 53.0500 52.6682 0.38 0.72
331 0 6 6 0 4.1246 310.0000 53.5250 53.2716 0.25 0.47
331 0 6 6 0 4.1246 320.0000 54.0030 53.8924 0.11 0.20
331 0 6 6 0 4.1246 330.0000 54.4870 54.5308 -0.04 -0.08
331 0 6 6 0 4.1246 340.0000 54.9710 55.1868 -0.22 -0.39
331 0 6 6 0 4.1246 350.0000 55.4370 55.8602 -0.42 -0.76
342 1 5 5 0 3.9227 225.8300 45.2461 45.1708 0.08 0. 17
342 1 5 5 0 3.9227 230.0000 45.4372 45.3678 0.07 0.15
342 1 5 5 0 3.9227 240.0000 45.8672 45.8532 0.01 0.03
342 1 5 5 0 3.9227 250.0000 46.3450 46.3567 -0.01 -0.03
342 1 5 5 0 3.9227 260.0000 46.8466 46.8785 -0.03 -0.07
342 1 5 5 0 3.9227 270.0000 47.3722 47.4184 -0.05 -0.10
342 1 5 5 0 3.9227 273.1500 47.5394 47.5923 -0.05 -0.11
342 1 5 5 0 3.9227 280.0000 47.9216 47.9766 -0.05 -0.11
342 1 5 5 0 3.9227 290.0000 48.4472 48.5530 -0.11 -0.22
342 1 5 5 0 3.9227 298.1500 48.9011 49.0362 -0.14 -0.28
342 1 5 5 0 3.9227 300.0000 49.0205 49.1475 -0.13 -0.26
342 1 5 5 0 3.9227 310.0000 49.5700 49.7603 -0.19 -0.38
342 1 5 5 0 3.9227 320.0000 50.1433 50.3913 -0.25 -0.49
607 4 2 2 0 3.3345 204.0300 32.8470 33.4862 — 0.64 -1.95
607 4 2 2 0 3.3345 210.0000 33.0960 33.7504 -0.65 -1.98
607 4 2 2 0 3.3345 220.0000 33.5440 34.2090 -0.67 -1.98
607 4 2 2 0 3.3345 230.0000 34.0220 34.6880 -0.67 -1.96
607 4 2 2 0 3.3345 240.0000 34.5370 35.1872 — 0.65 -1.88
607 4 2 2 0 3.3345 250.0000 35.0950 35.7066 -0.61 -1.74
607 4 2 2 0 3.3345 260.0000 35.6740 36.2464 -0.57 -1.60
607 4 2 2 0 3.3345 270.0000 36.2660 36.8064 -0.54 -1.49
607 4 2 2 0 3.3345 280.0000 36.8730 37.3866 -0.51 -1.39
607 4 2 2 0 3.3345 290.0000 37.5070 37.9872 -0. 48 -1.28
607 4 2 2 0 3.3345 300.0000 38.1470 38.6079 -0.46 -1.21
607 4 2 2 0 3.3345 310.0000 38.7970 39.2490 -0.45 -1.17
607 4 2 2 0 3.3345 320.0000 39.4600 39.9103 -0.45 -1.14
607 4 2 2 0 3.3345 330.0000 40.1280 40.5919 -0.46 -1.16
607 4 2 2 0 3.3345 340.0000 40.7920 41.2937 -0.50 -1.23
607 4 2 2 0 3.3345 350.0000 41.4540 42.0158 -0.56 -1.36
607 4 2 2 0 3.3345 360.0000 42.1240 42.7582 — 0.63 -1.51
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 






Within + 0.5 83 64.34
Within + 1.0 115 89.15
Better than ±2.0 129 100.00
Higher than ±2.0 0 0.00
Maximum Deviation 1.38
CLASS NAME : CHLOROBENZENES
INPUT COEFFICIENTS :
Group No AO A1 * T A2 * T*T
=RCH- G1 3.0137 0.OOOOOE+00 0.18030E-04
=RC< G2 -0.6700 0.11500E-02 0.84600E-05
C--ACl G3 -0.9823 0.78880E-02 0.13630E-04
-CH3 G4 8.9561 -0.13500E-01 0.43410E-04
CORRECTION TERMS ARE :
BÂL 3.26310
INPUT DATA AND RESULTS
CID G1 G2 G3 G4 BAL TEMP CPo CPc AER APD
306 3 3 3 0 3.9027 413.7900 49.6894 48.6469 1.04 2.10
306 3 3 3 0 3.9027 427.6600 52.3172 50.4277 1.89 3.61
306 3 3 3 0 3.9027 434.4000 53.9895 51.3098 2.68 4.96
306 3 3 3 0 3.9027 450.4000 53.5117 53.4475 0.06 0.12
306 3 3 3 0 3.9027 459.2000 53.0339 54.6495 -1.62 -3.05
306 3 3 3 0 3.9027 469.9000 54.3617 56.1362 -1.77 -3.26
317 5 1 1 0 3.3423 230.0000 32.8300 32.3387 0.49 1.50
317 5 1 1 0 3.3423 240.0000 34.0000 32.9566 1.04 3.07
317 6 1 1 0 3.3423 250.0000 34.7700 33.5970 1.17 3.37
317 6 1 1 0 3.3423 260.0000 35.2100 34.2598 0.95 2.70
317 5 1 1 0 3.3423 270.0000 35.4600 34.9450 0.51 1.45
317 5 1 1 0 3.3423 280.0000 35.6300 35.6527 -0.02 -0.06
317 5 1 1 0 3.3423 290.0000 35.7600 36.3829 -0.62 -1.74
317 5 1 1 0 3.3423 300.0000 35.9000 37.1355 -1.24 -3.44
317 5 1 1 0 3.3423 310.0000 36.1800 37.9105 -1.73 -4.78
317 5 1 1 0 3.3423 320.0000 36.7800 38.7080 -1.93 -5.24
329 0 6 6 0 4.7880 150.0000 16.4300 16.8263 -0.40 -2.41
329 0 6 6 0 4.7880 160.0000 17.6300 17.7794 -0.15 -0.85
329 0 6 6 0 4.7880 170.0000 18.0200 18.7591 -0.74 -4.10
329 0 6 6 0 4.7880 180.0000 19.9900 19.7653 0.22 1.12
329 0 6 6 0 4.7880 190.0000 21.1500 20.7979 0.35 1.66
329 0 6 6 0 4.7880 200.0000 22.2800 21.8571 0.42 1.90
329 0 6 6 0 4.7880 210.0000 23.4000 22.9428 0.46 1.95
329 0 6 6 0 4.7880 220.0000 24.5000 24.0550 0.44 1.82
329 0 6 6 0 4.7880 230.0000 25.6000 25.1937 0.41 1.59
329 0 6 6 0 4.7880 240.0000 26.6700 26.3589 0.31 1.17
329 0 6 6 0 4.7880 250.0000 27.7300 27.5507 0.18 0.65
329 0 6 6 0 4.7880 260.0000 28.7700 28.7689 0.00 0.00
329 0 6 6 0 4.7880 270.0000 29.8200 30.0136 -0.19 -0.65
329 0 6 6 0 4.7880 280.0000 30.8400 31.2849 -0.44 -1.44
329 0 6 6 0 4.7880 290.0000 31.8400 32.5827 -0.74 -2.33
329 0 6 6 0 4.7880 300.0000 32.8300 33.9069 -1.08 -3.28
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AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 




Accuracy range Nc* %
Within + 0.5 16 50.00
Within ± 1.0 21 65.63
Better than ±2.0 31 96.88
Higher than ±2.0 1 3.13
Maximum Deviation 2.68




























CORRECTION TERMS ARE :
BAL 0.43424








IQl G2 G3 G4 G5 G6 BAL TEMP CPo CPc AER APD
-— — --------—  — .------- ------- -----------------— — — ----------— ------------- — — — — — — — — — — — — — — — — — — —  —  —  —  —  mm
1 0 0 0 1 0 1.6831 182.2400 17.8189 15.7952 2.02 11.36
1 1 0 0 0 1 0 1.6831 189.8000 17.7592 15.8459 1.91 10.77
1 1 0 0 0 1 0 1.6831 197.5400 17.7401 15.8970 1.84 10.39
1 1 0 0 0 1 0 1.6831 204.8900 17.6684 15.9448 1.72 9.76
li 1 0 0 0 1 0 1.6831 211.9500 17.7688 15.9899 1.78 10.01
\ 1 0 0 0 1 0 1.6831 228.9700 17.8189 16.0959 1.72 9.67
0 0 0 1 0 1.6831 239.2200 17.9288 16.1578 1.77 9.88
0 0 0 1 0 1.6831 245.2400 18.0483 16.1935 1.85 10.28
0 0 0 1 0 1.6831 249.6700 18.0578 16.2194 1.84 10.18
0 1 0 1 2 4.3655 212.0500 27.7368 26.7407 1.00 3.59
I 1 0 1 0 1 2 4.3655 232.5500 28.3397 27.4757 0.86 3.05
f 1 0 1 0 1 2 4.3-655 233.5500 28.3397 27.5090 0.83 2.93
I 1 0 1 0 1 2 4.3655 253.6500 29.1437 28.1290 1.01 3.48
I 1 0 1 0 1 2 4.3655 254.6500 29.0432 28.1573 0.89 3.05
[ 1 0 1 0 1 2 4.3655 272.9500 29.8472 28.6348 1.21 4.06
1 1 0 1 0 1 2 4.3655 273.9500 29.9477 28.6586 1.29 4.30
1 1 0 1 0 1 2 4.3655 293.6500 31.0531 29.0799 1.97 6.35
} 0
0 1 0 1 2 4.3655 294.7500 31.1536 29.1007 2.05 6.59
0 1 0 0 4 4.3798 80.0000 16.1000 16.9221 -0.82 -5.11
0 0 1 0 0 4 4.3798 85.0000 16.5200 17.2144 -0.69 -4.20
1 0 0 1 0 0 4 4.3798 87.0000 16.4800 17.3293 -0.85 -5.15
1 0 0 1 0 0 4 4.3798 89.0000 16.0300 17.4430 -1.41 -8.81
292
185 0 0 2 0 3 3 5.8543 243.1500 39.1616 39.9436 -0.78 -2.00
185 0 0 2 0 3 3 5.8543 253.1500 39.7238 40.4233 -0.70 -1.76
185 0 0 2 0 3 3 5.8543 263.1500 40.0985 40.8320 -0.73 -1.83
185 0 0 2 0 3 3 5.8543 273.1500 40.6606 41.1695 -0.51 -1.25
185 0 0 2 0 3 3 5.8543 278.1500 41.0354 41.3116 -0.28 -0.67
185 0 0 2 0 3 3 5.8543 283.1500 41.2228 41.4359 -0.21 -0.52
185 0 0 2 0 3 3 5.8543 293.1500 41.9723 41.6312 0.34 0.81
185 0 0 2 0 3 3 5.8543 298.1500 42.3470 41.7022 0.64 1.52
185 0 0 2 0 3 3 5.8543 303.1500 42.7218 41.7554 0.97 2.26
185 0 0 2 0 3 3 5.8543 308.1500 42.9091 41.7909 1.12 2.61
185 0 0 2 0 3 3 5.8543 313.1500 43.2839 41.8085 1.48 3.41
185 0 0 2 0 3 3 6.8543 318.1500 43.8460 41.8084 2.04 4.65
201 0 0 1 0 2 2 5.5721 193.1500 24.6664 25.7036 -1.04 -4.20
201 0 0 1 0 2 2 5.5721 203.1500 24.7873 26.1104 -1.32 -5.34
201 0 0 1 0 2 2 5.5721 213.1500 25.0292 26.4750 -1.45 -5.78
201 0 0 1 0 2 2 5.5721 223.1500 25.2710 26.7973 -1.53 -6.04
201 0 0 1 0 2 2 5.5721 233.1500 25.5128 27.0773 -1.56 -6.13
201 0 0 1 0 2 2 5.5721 243.1500 25.8756 27.3150 -1.44 -5.56
204 0 1 0 0 2 0 3.6448 215.1500 23.5264 22.4635 1.06 4.52
204 0 1 0 0 2 0 3.6448 223.2500 23.4415 22.5549 0.89 3.78
204 0 1 0 0 2 0 3.6448 235.4500 23.5264 22.6680 0.86 3.65
204 0 1 0 0 2 0 3.6448 244.1500 23.2716 22.7307 0.54 2.32
204 0 1 0 0 2 0 3.6448 254.1500 23.2716 22.7843 0.49 2.09
204 0 1 0 0 2 0 3.6448 259.6500 23.2716 22.8053 0.47 2.00
204 0 1 0 0 2 0 3.6448 267.4500 23.3565 22.8248 0.53 2.28
204 0 1 0 0 2 0 3.6448 272.6500 23.6963 22.8312 0.87 3.65
204 0 1 0 0 2 0 3.6448 281.0500 23.8661 22.8301 1.04 4.34
204 0 1 0 0 2 0 3.6448 286.8500 24.0360 22.8212 1.21 5.05
204 0 1 0 0 2 0 3.6448 292.4500 24.1209 22.8063 1.31 5.45
295 1 0 0 1 2 0 3.8196 176.1800 28.5500 26.3874 2.16 7.57
295 1 0 0 1 2 0 3.8196 180.0000 28.5800 26.5305 2.05 7.17
295 1 0 0 1 2 0 3.8196 190.0000 28.6500 26.8951 1.75 6.13
295 1 0 0 1 2 0 3.8196 200.0000 28.7300 27.2450 1.48 5.17
295 1 0 0 1 2 0 3.8196 210.0000 28.8300 27.5804 1.25 4.33
295 1 0 0 1 2 0 3.8196 220.0000 28.9300 27.9012 1.03 3.56
295 1 0 0 1 2 0 3.8196 230.0000 29.0500 28.2075 0.84 2.90
295 1 0 0 1 2 0 3.8196 240.0000 29.1800 28.4992 0. 68 2.33
295 1 0 0 1 2 0 3.8196 250.0000 29.3300 28.7763 0.55 1.89
295 1 0 0 1 2 0 3.8196 260.0000 29.4800 29.0388 0.44 1.50
295 1 0 0 1 2 0 3.8196 270.0000 29.6500 29.2868 0.36 1.22
295 0 0 1 2 0 3.8196 280.0000 29.8300 29.5202 0.31 1.04
295 1 0 0 1 2 0 3.8196 290.0000 30.0200 29.7391 0.28 0.94
295 1 0 0 1 2 0 3.8196 300.0000 30.2200 29.9433 0.28 0.92
296 1 0 1 0 3 0 5.5493 243.1000 33.2712 32.3990 0.87 2.62
296 1 0 1 0 3 0 5.5493 243.1300 33.2712 32.4003 0.87 2.62
296 1 0 1 0 3 0 5.5493 250.0000 33.4384 32.6707 0.77 2.30
296 1 0 1 0 3 0 5.5493 260.0000 33.6773 33.0332 0.64 1.91
296 1 0 1 0 3 0 5.5493 270.0000 33.9161 33.3588 0.56 1.64
296 1 0 1 0 3 0 5.5493 273.1500 33.9639 33.4537 0.51 1.50
296 1 0 1 0 3 0 5.5493 280.0000 34.1311 33.6475 0.48 1.42
296 1 0 1 0 3 0 5.5493 290.0000 34.3222 33.8993 0.42 1.23
296 1 0 1 0 3 0 5.5493 298.1500 34.4893 34.0772 0.41 1.19
296 1 0 1 0 3 0 5.5493 300.0000 34.5132 34.1142 0.40 1.16
296 1 0 1 0 3 0 5.5493 310.0000 34.7043 34.2923 0.41 1.19
297 0 2 1 0 1 3 3.8608 180.0000 37.0000 34.9603 2.04 5.51
297 0 2 1 0 1 3 3.8608 190.0000 37.1500 35.5298 1.62 4.36
297 0 2 1 0 1 3 3.8608 200.0000 37.3400 36.0644 1.28 3.42
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351 0 0 1 0 4 0 7.6254 260.0000 31.1500 32.7255 -1.58 -5.06
351 0 0 1 0 4 0 7.6254 270.0000 31.2400 32.9172 -1.68 -5.37
351 0 0 1 0 4 0 7.6254 280.0000 31.3300 33.0532 -1.72 -5.50
351 0 0 1 0 4 0 7.6254 290.0000 31.4100 33.1336 -1.72 -5.49
351 0 0 1 0 4 0 7.6254 300.0000 31.4900 33.1583 -1.67 -5.30
352 0 0 0 1 0 3 3.3220 91.0000 18.6300 19.0676 -0.44 -2.35
352 0 0 0 1 0 3 3.3220 95.0000 18.5500 19.1641 -0.61 -3.31
352 0 0 0 1 0 3 3.3220 100.0000 18.4200 19.2817 -0.86 -4.68
352 0 0 0 1 0 3 3.3220 105.0000 18.4500 19.3961 -0.95 -5.13
352 0 0 0 1 0 3 3.3220 110.0000 18.4400 19.5071 -1.07 -5.79
352 0 0 0 1 0 3 3.3220 115.0000 18.4500 19.6147 -1.16 -6.31
352 0 0 0 1 0 3 3.3220 120.0000 18.4900 19.7191 -1.23 -6.65
352 0 0 0 1 0 3 3.3220 125.0000 18.5700 19.8201 -1.25 -6.73
352 0 0 0 1 0 3 3.3220 130.0000 18.6700 19.9178 -1.25 -6.68
352 0 0 0 1 0 3 3.3220 135.0000 18.8000 20.0122 -1.21 -6. 45
352 0 0 0 1 0 3 3.3220 140.0000 18.9600 20.1033 -1.14 -6.03
226 0 0 2 0 2 4 5.5817 182.7500 35.0348 33.7947 1.24 3.54
226 0 0 2 0 2 4 5.5817 187.7500 35.0348 34.2147 0.82 2.34
226 0 0 2 0 2 4 5.5817 195.6500 35.7184 34.8455 0.87 2.44
226 0 0 2 0 2 4 5.5817 200.3500 36.0602 35.2016 0.86 2.38
226 0 0 2 0 2 4 5.5817 204.9500 36.0602 35.5364 0.52 1.45
226 0 0 2 0 2 4 5.5817 207.6500 36.4020 35.7266 0.68 1.86
226 0 0 2 0 2 4 5.5817 209.7500 36.9147 35.8713 1.04 2.83
226 0 0 2 0 2 4 5.5817 223.6500 36.9147 36.7572 0.16 0.43
226 0 0 2 0 2 4 5.5817 234.7500 38.1111 37.3753 0.74 1.93
226 0 0 2 0 2 4 5.5817 246.6500 38.6238 37.9497 0.67 1.75
226 0 0 2 0 2 4 5.5817 256.8500 38.9656 38.3694 0.60 1.53
226 0 0 2 0 2 4 5.5817 264.6500 38.9656 38.6452 0.32 0.82
226 0 0 2 0 2 4 5.5817 270.9500 39.8201 38.8393 0.98 2.46
226 0 0 2 0 2 4 5.5817 275.3500 39.9910 38.9597 1.03 2.58
339 0 0 3 0 0 8 5.7075 130.0000 35.4800 32.5383 2.94 8.29
339 0 0 3 0 0 8 5.7075 140.0000 36.1600 33.9505 2.21 6.11
339 0 0 3 0 0 8 5.7075 150.0000 36.8800 35.2895 1.59 4.31
339 0 0 3 0 0 8 5.7075 160.0000 37.6400 36.5553 1.08 2.88
339 0 0 3 0 0 8 5.7075 170.0000 38.4200 37.7479 0.67 1.75
339 0 0 3 0 0 8 5.7075 180.0000 39.2200 38.8674 0.35 0.90
339 0 0 3 0 0 8 5.7075 190.0000 40.0300 39.9136 0.12 0.29
339 0 0 3 0 0 8 5.7075 200.0000 40.8300 40.8866 -0.06 -0.14
339 0 0 3 0 0 8 5.7075 210.0000 41.6100 41.7865 -0.18 -0.42
339 0 0 3 0 0 8 5.7075 220.0000 42.3500 42.6131 -0.26 -0.62
339 0 0 3 0 0 8 5.7075 230.0000 43.0300 43.3665 -0.34 -0.78
339 0 0 3 0 0 8 5.7075 235.0000 43.3500 43.7158 -0.37 -0.84
AVERAGE ABSOLUTE ERROR : 1.028
AVERAGE PERCENT DEVIATION : 





Within ± 1.0 
Better than ±2.0 














CLASS NAME : ACIDS





CORRECTION TERMS ARE :
BAL 5.08680









CID G1 G2 G3 BAL TEMP CPo CPc AER APD
293 1 0 1 3.2229 300.0000 29.5987 28.8277 0.77 2.60
293 1 0 1 3.2229 310.0000 30.1003 29.7365 0.36 1.21
293 1 0 1 -3.2229 320.0000 30.6976 30.6539 0.04 0.14
293 1 0 1 3.2229 330.0000 31.4142 31.5800 -0.17 -0.53
293 1 0 1 3.2229 340.0000 32.1787 32.5148 -0.34 -1.04
293 1 0 1 3.2229 350.0000 32.9670 33.4583 -0.49 -1.49
293 1 0 1 3.2229 360.0000 33.6837 34.4105 -0.73 -2.16
293 1 0 1 3.2229 370.0000 34.4004 35.3713 -0.97 -2.82
293 1 0 1 3.2229 380.0000 35.1171 36.3409 -1.22 -3.48
302 1 2 1 2.9891 290.0000 41.9732 41.1111 0.86 2.05
302 1 2 1 2.9891 298.1500 42.6660 42.0088 0.66 1.54
302 1 2 1 2.9891 300.0000 42.8333 42.2135 0.62 1.45
302 1 2 1 2.9891 310.0000 43.7649 43.3253 0.44 1.00
302 1 2 1 2.9891 320.0000 44.7683 44.4465 0.32 0.72
302 1 2 1 2.9891 330.0000 45.8433 45.5772 0.27 0.58
302 1 2 1 2.9891 340.0000 47.0139 46.7172 0.30 0.63
302 1 2 1 2.9891 350.0000 48.2322 47.8667 0.37 0.76
302 1 2 1 2.9891 360.0000 49.4505 49.0256 0.42 0.86
302 1 2 1 2.9891 370.0000 50.8839 50.1940 0.69 1.36
302 1 2 1 2.9891 380.0000 52.3172 51.3717 0.95 1.81
302 1 2 1 2.9891 390.0000 53.9895 52.5589 1.43 2.65
302 1 2 1 2.9891 400.0000 55.4228 53.7555 1.67 3.01
302 1 2 1 2.9891 410.0000 57.3340 54.9615 2.37 4.14
362 1 8 1 2.8945 310.0000 86.8538 87.1783 -0.32 -0.37
362 1 8 1 2.8945 315.0000 87.7879 88.0431 -0.26 -0.29
362 1 8 1 2.8945 320.0000 88.5810 88.9109 -0.33 -0.37
362 1 8 1 2.8945 325.0000 89.4075 89.7816 -0.37 -0.42
362 1 8 1 2.8945 330.0000 89.6226 90.6552 -1.03 -1.15
362 1 8 1 2.8945 335.0000 90.3751 91.5317 -1.16 -1.28
362 1 8 1 2.8945 340.0000 91.3784 92.4111 -1.03 -1.13
362 1 8 1 2.8945 345.0000 92.7114 93.2934 -0.58 -0.63
363 1 10 1 2.9080 325.0000 104.6560 104.9343 -0.28 -0.27
363 1 10 1 2.9080 330.0000 105.5781 105.9103 -0.33 -0.31
363 1 10 1 2.9080 335.0000 106.5409 106.8893 -0.35 -0.33
363 1 10 1 2.9080 340.0000 107.4701 107.8715 -0.40 -0.37
363 1 10 1 2.9080 345.0000 108.7076 108.8567 -0.15 -0.14
364 1 15 1 2.9440 340.0000 146.2040 146.5338 -0.33 -0.23
364 1 15 1 2.9440 345.0000 147.5944 147.7763 -0.18 -0.12
364 1 15 1 2.9440 350.0000 149.0970 149.0224 0.07 0.05
365 1 5 1 2.8904 275.0000 61.0655 60.0789 0.99 1.62
365 1 5 1 2.8904 280.0000 61.4955 60.7726 0.72 1.18
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365 1 5 2.8904 285.0000 61.9995 61.4690 0.53 0.86
365 1 5 2.8904 290.0000 62.4964 62.1680 0.33 0.53
365 1 5 2.8904 295.0000 63.0339 62.8696 0.16 0.26
365 1 5 2.8904 300.0000 63.5905 63.5739 0.02 0.03
365 1 5 2.8904 305.0000 64.1376 64.2808 -0.14 -0.22
366 1 14 2.9372 340.0000 138.4018 138.8034 -0.40 -0.29
366 1 14 2.9372 345.,0000 139.7587 139.9944 -0.24 -0.17
371 1 17 2.9567 345.0000 163.8796 163.3355 0.54 0.33
371 1 17 2.9567 350.0000 165.1194 164.6847 0.43 0.26
371 1 17 2.9567 355.0000 166.3904 166.0376 0.35 0.21
372 1 7 2.8896 290.0000 76.9087 76.5366 0.37 0.48
372 1 7 2.8896 295.0000 77.6111 77.3393 0.27 0.35
372 1 7 2.8896 300.0000 78.1844 78.1448 0.04 0.05
372 1 7 2.8896 305.0000 78.6718 78.9532 -0.28 -0.36
373 1 16 2.9505 350.0000 156.7320 156.8543 -0.12 -0.08
373 1 16 2.9505 355.0000 157.9861 158.1555 -0.17 -0.11
374 1 6 2.8875 290.0000 70.3440 69.3396 1.00 1.43
374 1 6 2.8875 295.0000 70.8122 70.0917 0.72 1.02
374 1 6 2.8875 300.0000 71.4047 70.8466 0.56 0.78
375 1 13 2.9302 330.0000 128.6742 128.8028 -0.13 -0.10
375 1 13 2.9302 335.0000 129.5413 129.9357 -0.39 -0.30
375 1 13 2.9302 340.0000 130.4897 131.0719 -0.58 -0.45
375 1 13 2.9302 345.0000 131.8514 132.2115 -0.36 -0.27
376 1 11 2.9154 320.0000 111.2470 111.4900 -0.24 -0.22
376 1 11 2.9154 325.0000 112.0282 112.5140 -0.49 -0.43
376 1 11 2.9154 330.0000 113.0244 113.5411 -0.52 -0.46
376 1 11 2.9154 335.0000 114.0301 114.5714 -0.54 -0.47
376 1 11 2.9154 340.0000 114.4936 115.6049 -1.11 -0.97
377 1 9 2.9009 305.0000 93.6049 93.6871 -0.08 -0.09
377 1 9 2.9009 310.0000 94.3120 94.5999 -0.29 -0.31
377 1 9 2.9009 315.0000 94.9164 95.5156 -0.60 -0.63
377 1 9 2.9009 320.0000 96.0368 96.4344 -0.40 -0.41
377 1 9 2.9009 325.0000 96.7344 97.3562 -0.62 -0.64
377 1 9 2.9009 330.0000 97.5538 98.2810 -0.73 -0.75
AVERAGE ABSOLUTE ERROR : 
AVERAGE PERCENT DEVIATION : 




Accuracy range Nc* %
Within + 0.5 45 60.00
Within ±1.0 66 88.00
Better than ±2.0 74 98.67
Higher than ±2.0 1 1.33
Maximum Deviation 2.37
CLASS NAME : ESTERS
INPUT COEFFICIENTS : 





CORRECTION TERMS ARE :
BAL 16.59540







CID G1 G2 G3 BAL TEMP CPo CPc AER APD
334 2 0 1 3.4553 335.0000 22.4104 22.4054 0.01 0.02
334 2 0 1 3.4553 350.0000 23.0291 22.9770 0.05 0.23
334 2 0 1 3.4553 375.0000 23.6933 24.0165 -0.32 -1.36
334 2 0 1 3.4553 400.0000 25.2628 25.1645 0.10 0.39
334 2 0 1 3.4553 425.0000 26.3497 26.4210 -0.07 -0.27
334 2 0 1 3.4553 450.0000 27.4415 27.7861 -0.34 -1.26
327 2 1 1 3.4032 360.0000 30.5423 30.4174 0.12 0.41
327 2 1 1 3.4032 380.0000 31.7009 31.4828 0.22 0.69
327 2 1 1 3.4032 400.0000 32.8643 32.6193 0.25 0.75
327 2 1 1 3.4032 425.0000 34.3669 34.1395 0.23 0.66
327 2 1 1 3.4032 450.0000 35.9173 35.7706 0.15 0.41
026 2 2 1 3.2969 375.0000 37.2097 37.5037 -0.29 -0.79
026 2 2 1 3.2969 400.0000 39.0707 39.1746 -0.10 -0.27
026 2 2 1 3.2969 425.0000 41.0726 40.9586 0.11 0.28
026 2 2 1 3.2969 450.0000 42.8619 42.8557 0.01 0.01
AVERAGE ABSOLUTE ERROR : 0.158
AVERAGE PERCENT DEVIATION : 





Better than ±2.0 15









Group No AO A1 * T A2 * T*T
-CH2- G1 4.4126 0.90310E-02 0.18400E-05
G-OH G2 1.9320 0.OOOOOE+00 0.33870E-04
G-O-C G3 -3.8920 0.55312E-01 -0.78850E-04
CORRECTION TERMS ARE :
BAL 4.95760
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INPUT DATA AND RESULTS
CID G1 G2 G3 BAL TEMP CPo CPc AER APD
628 2 2 0 2.2569 273.1500 33.7030 34.1404 -0.44 -1.30
628 2 2 0 2.2569 293.1500 35.3160 35.3105 0.01 0.02
628 2 2 0 2.2569 313.1500 36.8680 36.5378 0.33 0.90
628 2 2 0 2.2569 333.1500 38.3580 37.8222 0.54 1.40
628 2 2 0 2.2569 353.1500 39.8470 39.1637 0.68 1.71
628 2 2 0 2.2569 373.1500 41.2750 40.5624 0.71 1.73
628 2 2 0 2.2569 393.1500 42.7020 42.0183 0.68 1.60
628 2 2 0 2.2569 413.1500 44.0680 43.5312 0.54 1.22
628 2 2 0 2.2569 433.1500 45.4330 45.1013 0.33 0.73
628 2 2 0 2.2569 453.1500 46.7370 46.7285 0.01 0.02
628 2 2 0 2.2569 463.1500 47.3580 47.5636 -0.21 -0.43
628 2 2 0 2.2569 473.1500 ‘ 48.0400 48.4129 -0.37 -0.78
628 2 2 0 2.2569 483.1500 48.6610 49.2765 -0.62 -1.26
628 2 2 0 2.2569 493.1500 49.1580 50.1544 -1.00 -2.03
629 4 2 1 2.8983 273.1500 56.1380 56.6870 -0.55 -0.98
629 4 2 1 2.8983 293.1500 58.0480 58.4732 -0.43 -0.73
629 4 2 1 2.8983 313.1500 59.9580 60.2565 -0.30 -0.50
629 4 2 1 2.8983 333.1500 61.8680 62.0367 -0.17 -0.27
629 4 2 1 2.8983 353.1500 63.7780 63.8140 -0.04 -0.06
629 4 2 1 2.8983 373.1500 65.6890 65.5882 0.10 0.15
629 4 2 1 2.8983 393.1500 67.5990 67.3594 0.24 0.35
629 4 2 1 2.8983 413.1500 69.5090 69.1277 0.38 0.55
629 4 2 1 2.8983 433.1500 71.4190 70.8929 0.53 0.74
629 4 2 1 2.8983 453.1500 73.3290 72.6552 0.67 0.92
629 4 2 1 2.8983 473.1500 73.8600 74.4144 -0.55 -0.75
629 4 2 1 2.8983 493.1500 74.6030 76.1707 -1.57 -2. 10
629 4 2 1 2.8983 513.1500 75.3460 77.9239 -2.58 -3.42
635 6 2 2 3.1565 273.1500 74.7860 77.3338 -2.55 -3.41
635 6 2 2 3.1565 293.1500 77.6400 79.7362 -2.10 -2.70
635 6 2 2 3.1565 313.1500 80.4930 82.0754 -1.58 -1.97
635 6 2 2 3.1565 333.1500 83.3460 84.3515 -1.01 -1.21
635 6 2 2 3.1565 353.1500 86.1990 86.5644 -0.37 -0.42
635 6 2 2 3.1565 373.1500 89.0530 88.7142 0.34 0.38
635 6 2 2 3.1565 393.1500 91.9060 90.8009 1.11 1.20
635 6 2 2 3.1565 413.1500 94.7590 92.8244 1.93 2.04
635 6 2 2 3.1565 433.1500 97.6130 94.7848 2.83 2.90
635 6 2 2 3.1565 453.1500 99.4150 96.6821 2.73 2.75
635 6 2 2 3.1565 473.1500 100.0160 98.5162 1.50 1.50
635 6 2 2 3.1565 493.1500 100.4660 100.2872 0.18 0.18
635 6 2 2 3.1565 513.1500 101.0670 101.9951 -0.93 -0.92
635 6 2 2 3.1565 533.1500 101.6670 103.6398 -1.97 -1.94
636 8 2 3 3.2972 273.1500 96.1420 97.3982 -1.26 -1.31
636 8 2 3 3.2972 293.1500 99.4440 100.4166 -0.97 — 0.98
636 8 2 3 3.2972 313.1500 103.1340 103.3118 -0.18 -0.17
636 8 2 3 3.2972 333.1500 106.2420 106.0837 0.16 0.15
636 8 2 3 3.2972 353.1500 109.1550 108.7324 0.42 0.39
636 8 2 3 3.2972 373.1500 112.0690 111.2577 0.81 0.72
636 8 2 3 3.2972 393.1500 114.5940 113.6598 0.93 0.82
636 8 2 3 3.2972 413.1500 117.1190 115.9386 1.18 1.01
636 8 2 3 3.2972 433.1500 119.2550 118.0942 1.16 0.97
636 8 2 3 3.2972 453.1500 121.3920 120.1265 1.27 1.04
636 8 2 3 3.2972 473.1500 123.3340 122.0355 1.30 1.05
636 8 2 3 3.2972 493.1500 124.8880 123.8212 1.07 0.85
636 8 2 3 3.2972 513.1500 126.4410 125.4837 0.96 0.76
300
636 6 2 3 3.2972 533.1500 127.8010 127.0229 0.78 0.61
637 10 2 4 3.3854 273.1500 120.3310 117.2022 3.13 2.60
637 10 2 4 3;3854 293.1500 122.7140 120.8368 1.88 1.53
637 10 2 4 3.3854 313.1500 125.0970 124.2879 0.81 0.65
637 10 2 4 3.3854 333.1500 127.4790 127.5557 — 0.08 — 0.06
637 10 2 4 3.3854 353.1500 129.8620 130.6400 -0.78 -0.60
637 10 2 4 3;3854 373.1500 132.2450 133.5410 -1.30 -0.98
637 10 2 4 3.3854 393.1500 134.6280 136.2585 -1.63 -1.21
637 10 2 4 3.3854 413.1500 137.0110 138.7926 -1.78 -1.30
637 10 2 4 3.3854 433.1500 139.3930 141.1433 -1.75 -1.26
637 10 2 4 3.3854 453.1500 141.7760 143.3106 -1.53 -1.08
637 10 2 4 3.3854 473.1500 144.1590 145.2945 -1.14 -0.79
637 10 2 4 3.3854 493.1500 146.5420 147.0950 -0.55 -0.38
637 10 2 4 3.3854 513.1500 148.6860 148.7120 — 0.03 -0.02
AVERAGE ABSOLUTE ERROR : 0.948
AVERAGE PERCENT DEVIATION : 1.080
Number of data points = 68
Estimation accuracy, cal/mk
Accuracy range Nc* %
Within ± 0.5 22 32.35
Within + 1.0 42 61.76
Better than +2.0 62 91.18




Gi i=l|2,... Group Number 
BAL: Balaban Index.
CPo, CPc: Measured & Predicted CP respectively.
AER: Average Error.
APD: Absolute Percent Deviation.
Nc*: Number of compounds within the specified range
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A p p e n d i a L  C.
Minitab regression analysis for. 
tertiary alkanea
MTB > read 'kOl' c50,cl-c6 
274 ROWS READ
ROW C50 Cl C2 03 04 05 06
1 19 3 2 1 2.6272 120.00 35.1600
2 19 3 2 1 2.6272 130.00 35.4900
3 19 3 2 1 2.6272 140.00 35.8700
4 19 3 2 1 2.6272 150.00 36.2400











MTB let clO=(kl + k2*c5 + k3*c7)*cl + (k4 + k5*c5 + k6*c7)*c2
MTB let cll=c6-cl0
MTB
MTB regr cll on 3 c3,c8 , c9
* NOTE * >CH is highly correlated with other
* NOTE * >CH T is highly correlated with other
* NOTE * >CH T2 is highly correlated with other 
The regression equation is




















SOURCE DF SS MS
Regression 3 7838.7 2612.9
Error 271 115.0 0.4
Total 274 7953.7
SOURCE DF SEQ SS
>CH 1 6698.3
>CH T 1 1137.0
>CH T2 1 3.5
Unusual Observations
Obs. >CH Cp-dif Fit Stdev.Fit Residual St.Resid
43 1.00 2.5591 4.0606 0.0362 -1.5015 -2.31R
56 1.00 7.5062 6.7844 0.1234 0.7218 1.13 X
78 1.00 4.8629 2.6135 0.0349 2.2494 3.46R
79 1.00 4.2571 2.8630 0.0345 1.3940 2.14R
100 1.00 5.0662 3.5915 0.0357 1.4747 2.27R
101 1.00 5.5033 3.8277 0.0360 1.6756 2.58R
102 1.00 5.8644 4.0606 0.0362 1.8038 2.77R
119 2.00 -0.0783 -0.7017 0.2794 0.6234 1.06 X
120 2.00 0.8998 0.4362 0.2142 0.4636 0.75 X
121 2.00 1.9575 1.5475 0.1597 0.4101 0.65 X
132 2.00 11.3479 11.6068 0.1223 -0.2590 -0.40 X
133 2.00 11.6871 12.0126 0.1412 -0.3255 -0.51 X
134 2.00 11.9912 12.4116 0.1633 -0.4205 -0.67 X
135 2.00 12.2602 12.8040 0.1883 -0.5439 -0.87 X
136 2.00 12.4841 13.1898 0.2162 -0.7057 -1.15 X
137 2.00 12.6629 13.5689 0.2467 -0.9060 -1.50 X
138 3.00 6.0696 5.7509 0.1272 0.3187 0.50 X
150 3.00 16.4020 15.5689 0.1285 0.8332 1.30 X
151 3.00 16.9874 16.3899 0.1474 0.5975 0.94 X
166 2.00 11.2601 9.9173 0.0791 1.3428 2.08R
167 2.00 11.7197 10.3497 0.0852 1.3700 2.12R
168 1.00 3.1577 1.5822 0.0503 1.5755 2.43R
169 1.00 0.4340 1.8450 0.0439 -1.4110 -2.17R
170 1.00 0.7132 2.1045 0.0392 -1.3913 -2.14R
171 1.00 1.0052 2.3607 0.0364 -1.3555 -2.08R







1.00 1.9507 3.3520 0.0352 -1.4014 -2.15R
1.00 2.0301 3.5915 0.0357 -1.5615 -2.40R
1.00 2.2212 3.8277 0.0360 -1.6065 -2.47R
1.00 2.5641 4.0606 0.0362 -1.4964 -2.30R
1.00 2.9488 4.2901 0.0364 -1.3413 -2.06R
R denotes an obs. with a large st. resid.
X denotes an obs. whose X value gives it large influence.
MTB >
MTB > regr cll on 4 c3,c4,c8,c9 , res c50
* NOTE * >CH is highly correlated with other predictor variables
* NOTE * >CH T is highly correlated with other predictor variables
* NOTE * >CH T2 is highly correlated with other predictor variables 
The regression equation is










>CH T2 -0.00001546 
s = 0.5745

































Obs. >CH Cp-dif Fit Stdev.Fit Residual St.Resid
43 1.00 2.5591 3.7772 0.0452 -1.2181 -2.13R
57 1.00 2.9429 1.5841 0.0486 1.3588 2.37R
78 1.00 4.8629 2.3332 0.0442 2.5297 4.42R
79 1.00 4.2571 2.5829 0.0439 1.6742 2.92R
304
99 1.00 4.5531 3.2155 0.0347 1.3376 2.33R
100 1.00 5.0662 3.4558 0.0350 1.6104 2.81R
101 1.00 5.5033 3.6930 0.0352 1.8103 3.16R
102 1.00 5.8644 3.9272 0.0353 1.9372 3.38R
119 2.00 -0.0783 -0.4703 0.2478 0.3920 0.76 X
120 2.00 0.8998 0.6580 0.1906 0.2418 0.45 X
121 2.00 1.9575 1.7615 0.1429 0.1960 0.35 X
133 2.00 11.6871 12.2682 0.1279 -0.5811 -1.04 X
134 2.00 11.9912 12.6746 0.1471 -0.6835 -1.23 X
135 2.00 12.2602 13.0749 0.1689 -0.8148 -1.48 X
136 2.00 12.4841 13.4690 0.1932 -0.9850 -1.82 X
137 2.00 12.6629 13.8570 0.2200 -1.1941 -2.25RX
138 3.00 6.0696 6.4544 0.1375 -0.3848 -0.69 X
139 3.00 6.8278 7.1323 0.1295 -0.3045 -0.54 X
140 3.00 8.0424 8.2679 0.1224 -0.2254 -0.40 X
141 3.00 8.3301 8.6007 0.1215 -0.2706 -0.48 X
142 3.00 9.3732 9.4981 0.1209 -0.1249 -0.22 X
143 3.00 9.3312 9.5040 0.1209 -0.1728 -0.31 X
144 3.00 10.0764 10.3016 0.1217 -0.2253 -0.40 X
145 3.00 10.2236 10.5491 0.1221 -0.3255 -0.58 X
146 3.00 11.8079 11.8571 0.1241 -0.0492 -0.09 X
147 3.00 13.3795 13.3667 0.1257 0.0128 0.02 X
148 3.00 14.2066 14.2436 0.1271 -0.0370 -0.07 X
149 3.00 15.1779 15.2000 0.1308 -0.0221 -0.04 X
150 3.00 16.4020 16.3131 0.1411 0.0889 0.16 X
151 3.00 16.9874 17.1449 0.1555 -0.1576 -0.28 X
168 1.00 3.1577 1.2343 0.0593 1.9233 3.37R
211 1.00 2.0301 3.2772 0.0474 -1.2472 -2.18R
212 1.00 2.2212 3.5145 0.0475 -1.2933 -2.26R
213 1.00 2.5641 3.7486 0.0476 -1.1845 -2.07R
R denotes an obs. with a large st. resid.
^ denotes an obs. whose X value gives it large influence 
^TB >
^TB > plot c50 vs c3 
pTB >
ITB > plot c50 vs c4
4.0+
305
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MTB >
MTB > plot c50 V8 c8
*
4.0+
C50 - * 2
* *
* *
2 .0+ * * **
2*2* *3 2* *
2* * * *2 ** * **
2* *32**3 ** 2* **
**334* 3*342323*** *
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*22 * **
*33 * *




List Q± experimental data. o£. compounds uscd. 
for thfi. critical propertloa estimations.
CID Compound Name 
ilkanes
Balaban Randle Mw Tb To Pc Vc
002 ethane 1.0000 1.0000 30.07 184.55 305.42 48.16 148.00
003 propane 1.6330 1.4142 44.10 231.05 369.82 41.94 203.00
004 butane 1.9447 1.9142 58.12 272.65 425.18 37.47 255.00
005 isobutane 2.3238 1.7321 58.12 261.42 408.15 36.00 263.00
006 pentane 2.1906 2.4142 72.15 309.21 469.70 33.25 304.00
007 isopentane 2.5395 2.2701 72.15 301.03 460.43 33.37 306.00
008 2,2-dimethylpropane 3.0237 2.0000 72.15 282.63 433.78 31.57 303.00
009 hexane 2.3391 2.9142 86.18 341.88 507.50 29.73 370.00
010 isohexane 2.6272 2.7701 86.18 333.41 497.50 29.71 367.00
Oil 3-methylpentane 2.7542 2.8081 86.18 336.42 504.50 30.83 367.00
012 2,2-dimethyIbutane 3.1685 2.5607 86.18 322.88 488.78 30.40 359.00
013 2,3-dimethyIbutane 2.9935 2.6427 86.18 331.13 499.98 30.86 358.00
014 heptane 2.4475 3.4142 100.21 371.58 540.30 27.00 432.00
015 2-methylhexane 2.6783 3.2701 100.21 363.19 530.37 26.98 421.00
016 3-methylhexane 2.8318 3.3081 100.21 364.99 535.26 27.77 404.00
017 3-ethylpentane 2.9923 3.3461 100.21 366.64 540.64 28.53 416.00
018 2,2-dimethyIpentane 3.1545 3.0607 100.21 352.35 520.50 27.37 416.00
019 2,3-dimethylpentane 3.1440 3.1807 100.21 362.93 537.35 28.70 393.00
020 2,3-dimethylpentane 2.9532 3.1259 100.21 353.64 519.79 27.01 418.00
021 3,3-diemthyIpentane 3.3604 3.1213 100.21 359.21 536.40 29.07 414.00
022 2,2;3-trimethyIbutane 3.5412 2.9434 100.21 354.01 531.17 29.15 398.00
023 octane 2.5301 3.9142 114.23 398.82 568.83 24.54 492.00
024 2-methylheptane 2.7158 3.7701 114.23 390.81 559.64 24.52 488.00
025 3-methylheptane 2.8621 3.8081 114.23 392.09 563.67 25.13 464.00
026 4-methylheptane 2.9196 3.8081 114.23 390.87 561.74 25.09 476.00
027 3-ethylhexane 3.0744 3.8461 114.23 391.70 565.49 25.74 455.00
028 2,2-dimethyIhexane 3.1118 3.5607 114.23 380.01 549.87 24.96 478.00
029 2,3-dimethyIhexane 3.1708 3.6807 114.23 388.77 563.49 25.94 468.00
307
030 2,4-dimethyIhexane 3.0988 3.6639 114.23 382.59 553.52 25.23 472.00
031 2,5-dimethyIhexane 2.9278 3.6259 114.23 382.27 550.06 24.54 482.00
032 3,3-dimethyIhexane 3.3734 3.6213 114.23 385.12 562.02 26.19 443.00
033 3,4-dimethyIhexane 3.2925 3.7187 114.23 390.88 568.85 26.57 466.00
034 2-methyl-3-ethyIpentane 3.3549 3.7187 114.23 388.81 567.09 26.65 443.00
035 3-methyl-3-ethyIpentane 3.5832 3.6820 114.23 391.42 576.58 27.71 455.00
036 2,2;3-trimethyIpentane 3.6233 3.4814 114.23 383.00 563.50 26.94 436.00
037 2,2,4-trimethyIpentane 3.3889 3.4165 114.23 372.37 543.96 25.34 468.00
038 2,3,3-trimethyIpentane 3.7083 3.5040 114.23 387.90 573.56 27.83 455.00
039 2,3,4-trimethyIpentane 3.4642 3.5534 114.23 386.62 566.41 26.94 461.00
040 2,2,3,3-tetramethyIbutane 4.0204 3.2500 114.23 379.60 567.80 28.30 *
041 nonane 2.5951 4.4142 128.26 423.97 594.60 22.58 *
042 2-methyloctane 2.7467 4.2701 128.26 416.43 587.00 22.80 *
043 2-2-dimethylheptane 3.0730 4.0607 128.26 405.85 576.80 ' 23.19 *
044 2,2,5-trimethyIhexane 3.2807 3.9165 128.26 397.42 568.00 * *
045 2,2,3,3-tetramethyIpentane 4.1447 3.8107 128.26 413.44 607.70 27.05 *
046 2,2,3,4-tetramethyIpentane 3.8776 3.8541 128.26 406.18 592.70 25.68 *
047 2,2,4,4-tetramethyIpentane 3.7464 3.7071 128.26 395.44 574.70 24.53 *
048 2,2,3,4-tetramethyIpentane 4.0137 3.8868 128.26 414.72 607.70 26.80 *
049 decane 2.6476 4.9142 142.29 447.30 617.70 20.76 *
050 3,3,5-trimethyIheptane 3.6419 4.5152 142.29 428.85 609.70 22.87 *
051 2,2,3,3,tetramethyIhexane 4.1018 4.3107 142.29 433.48 623.20 24.77 *
052 2,2,5,5-tetramethyIhexane 3.5630 4.2071 142.29 410.63 581.60 21.57 *
053 undecane 2.6909 5.4142 156.31 469.08 638.80 19.40 *
054 dodecane 2.7272 5.9142 170.34 489.47 658.20 18.00 *
055 tridecane 2.7581 6.4142 184.37 508.62 676.00 17.00 *
056 tetradecane 2.7848 6.9142 198.39 526.73 693.00 14.20 *
057 hexadecane 2.8283 7.9142 226.45 560.01 722.00 * *
058 octadecane 2.8623 8.9142 254.50 589.50 748.00 * *
Cycloalkanes
059 cyclopropane 2.2500 1.5000 42.08 240.34 398.30 55.06 163.00
060 cyclobutane 2.0000 2.0000 56.11 285.70 460.00 49.20 210.00
061 cyclopentane 2.0833 2.5000 70.14 322.40 511.70 44.49 260.00
062 methylcyclopentane 2.1841 2.8938 84.16 344.95 532.73 37.35 319.00
063 ethylcyclopentane 2.1400 3.4319 98.19 376.62 569.50 33.53 375.00
064 cyclohexane 2.0000 3.0000 84.16 353.88 553.50 40.20 308.00
308
065 methylcyclohexane 2.1229 3.3938 98.19 374.08 572.20 34.26 368.00
066 l-tran-4-dimethylcyclohexane 2.1924' 3.7877 112.22 392.50 587.70 * *
067 l-tran-3,5-trimethylcyclohex 2.3409 4.1815 126.24 413.70 602.20 * *
068 cycloheptene 2.0417 3.5000 98.19 391.63 604.20 37.60 353.00
069 cyclooctane 2.0000 4.0000 112.22 422.00 647.20 35.10 410.00
387 1,1-dimethylcyclopentane 2.3997 3.2971 98.19 361.00 547.00 34.00 360.00
395 1,1-dimethylcyclohexane 2.3279 3.7071 112.23 392.70 591.00 29.30 416.00
Alkenes
072 ethene 2.0000 0.7071 28.05 169.38 282.34 49.73 130.00
073 propene 2.1875 1.2071 42.08 225.46 364.85 45.41 181.00
074 1-butene 2.2968 1.7071 56.11 266.89 419.57 39.70 240.00
075 cis-2-butene 2.5492 1.7678 56.11 276.86 435.58 41.42 234.00
076 trans-2-butene 2.5492 1.7678 56.11 274.03 428.63 39.33 238.00
077 2-methylpropene 2.8030 1.5629 56.11 266.20 417.90 39.48 239.00
078 1-pentene 2.4017 2.2071 70.14 303.11 464.78 34r.81 *
079 cis-2-pentene 2.6224 2.2678 70.14 310.08 475.00 36.40 *
080 trans-2-pentene 2.6224 2.2678 70.14 309.49 471.00 34.70 *
081 2-methyl-1-butene 2.8474 2.1010 70.14 304.30 470.00 38.00 *
082 2-methyl-2-butene 3.1432 2.1505 70.14 311.71 481.00 38.60 *
083 1-hexene 2.4884 2.7071 84.16 336.63 504.03 *
084 1-heptene 2.5588 3.2071 98.19 366.79 537.29 * *













3.2660 1.4142 40.07 238.70 393.00 54.00 162.00
3.9495 1.9142 54.09 268.74 425.00 42.70 219.00
2.6559 2.9142 82.15 332.60 507.00 34.00 328.00
3.0485 4.9142 138.25 442.00 615.00 * ; *
3.1086 1.9142 54.09 268.70 443.70 44.40 219.00
2.9340 2.4142 68.12 318.00 503.00 40.20 276.00
2.6532 2.4142 68.12 299.10 478.00 37.40 276.00
4.2221 2.2701 68.12 307.20 484.00 38.00 276.00
3.5991 2.2701 68.12 314.00 496.00 40.60 267.00









































3.0000 0.5774 26. 04 188.43 308.33 80.59 113.00
2.4755 1.1154 40.07 249.95 402.38 55.54 164.00
2.4331 1.6154 54.09 281.23 463.70 45.60 220.00
2.8285 1.7029 54.09 300.12 488.70 46.50 221.00
2.4837 2.1154 68.12 313.33 493.50 40.00 278.00
2.0000 3.6741 78.11 353.24 562.16 48.34 259.00
2.1229 4.0268 92.14 383.78 591.97 40.50 316.00
2.1250 4.5648 106.17 409.34 617.20 35.53 374.00
2.2794 4.4000 106.17 417.58 630.30 36.81 369.00
2.2306 4.3794 106.17 412.27 617.05 34.89 376.00
2.1924 4.3794 106.17 411.52 616.20 34.65 379.00
2.0779 5.0648 120.20 432.39 638.32 31.58 440.00
2.1433 4.7732 120.20 449.27 664.47 34.09 430.00
2.3462 4.7526 120.20 442;53 649.17 31.90 433.00
2.3409 4.7320 120.20 437.89 637.25 30.86 *
2.0172 5.5648 134.22 456.46 660.50 28.49 497.00
2.1783 5.4554 134.22 456.94 657.88 27.66 480.00
2.4873 5.1258 134.22 471.20 679.00 * *
2.4620 5.1258 134.22 469.99 675.00 29.00 *
2.6254 5.5197 148.25 504.55 719.00 * *
2.7603 5.9135 162.28 536.60 758.00 * *
2.2973 4.9380 120.19 438.00 651.00 30.00 460.00
2.2317 4.9174 120.19 434.50 637.00 28.00 *
2.1804 4.9174 120.19 435.20 640.00 29.00 *
2.3239 2.3536 68.12 317.39 506.00 * *
2.2551 2.8360 82.15 356.13 560.48 42.90 292.00
2.4496 2.7743 82.14 348.95 542.15 38.94 445.00
2.3611 3.3123 96.17 379.45 576.15 33.77 393.00
5.2848 3.0447 148.91 215.56 340.20 * 200.00
4.9081 2.6787 104.46 193.20 302.00 38.19 180.00
5.5740 2.9080 120.91 245.20 384.95 40.82 217.00
310
119 bromochlorodifluoromethane 6.0620 3.2740 165.36 269.00 426.88 41.98 *
120 dibromodifluoromethane 6.6422 3.6400 209.82 298.00 471.00 * *
121 trichlorofluoromethane 6.4431 3.1372 137.37 296.90 471.20 43.50 248.00
122 carbon tetrachloride 7.6265 3.3665 153.82 349.90 556.40 45.00 276.00
123 carbon tetrafluoride 4.3818 2.4495 88.00 145.13 227.60 36.90 140.00
124 chlorodifluoromethane 3.8485 2.3860 86.47 232.40 369.30 49.06 166.00
125 dichlrofluoromethane 4.5710 2.6506 102.92 282.10 451.58 51.16 196.00
126 chloroform 5.6320 2.9155 119.38 334.32 536.40 54.00 239.00
127 fluoroform 3.3235 2.1213 70.01 191.00 299.30 47.94 133.00
128 dichloromethane 3.6452 2.3805 84.93 313.00 510.00 60.00 *
129 difluoromethane 2.2678 1.7321 52.02 221.46 351.60 57.54 121.00
130 bromomethane 2.4152 2.4152 94.94 276.61 464.00 85.00 *
131 chloromethane 1.6833 1.6833 50.49 249.06 416.25 65.92 139.00
132 fluoromethane 1.2247 1.2247 34.03 194.74 317.80 58.00 113.00
133 iodomethane 2.9721 2.9721 141.94 315.70 528.00 65.00 195.00
134 chloropentafluoroethane 5.3331 4.1535 154.47 235.20 353.20 31.20 252.00
135 1,2~dichlorotetrafluoroethan 5.5829 4.3827 170.92 276.20 418.90 32.20 293.00
136 1,1-dichlorotetrafluoroethan 5.5829 4.3827 170.92 277.00 418.60 32.60 293.00
137 1,2-dibromotertafluoroethane 5.9146 5.1147 259.82 320.40 487.80 * *
138 1,2,2-trichlorotrifluoroetha 5.8533 4.6120 187.37 320.80 487.30 33.70 325.00
139 1,2-dibromo-l-chloro-l,2,2-t 6.2186 5.3440 276.28 366.00 560.70 35.60 368.00
140 tetrachloro-1,2-difluoroetha 6.1534 4.8412 203.83 366.00 551.00 * *
141 perfluoroethane 5.1033 3.9242 138.01 194.90 293.04 * 222.00
142 pentachloroethane 5.9709 5.2998 202.30 435.00 646.00 * *
143 chloro-1,1,2,2-tetrafluoroet 4.7223 3.7693 136.48 263.00 399.90 36.70 244.00
144 1,1,2,2-tetrachloroethane 4.8766 4.2206 167.85 419.40 626.00 * *
145 1-chloro-l,1-difluoroethane 4.3666 2.5664 100.50 263.40 409.60 40.70 231.00
146 1,1,1-trichloroethane 5.5497 3.0249 133.40 347.24 545.00 42.40 *
147 1,1,2-trichloroethane 4.0577 3.5421 133.40 386.70 602.00 . 41.00 294.00
148 1,1,1-trifluoroethane 3.9428 3.0249 84.04 225.60 346.30 37.10 194.00
149 1,2-dibromoethane 3.3715 3.9157 187.86 404.70 * 70.60 *
150 1,1-dichloroethane 3.8189 2.5210 98.96 330.50 523.00 50.00 236.00
151 1,2-dichloroethane 2.9192 2.8805 98.96 356.70 561.00 53.00 *
152 1,1-difluoroethane 2.3697 1.9916 66.05 248.20 386.70 44.40 181.00
153 bromoethane 2.5080 2.4149 108.97 311.49 503.90 * 215.00
154 chloroethane 2.2419 1.8973 64.52 285.45 460.40 52.00 199.00
155 fluoroethane 1.8974 1.5731 48.06 235.50 375.31 49.62 169.00
311
156 iodoethane 2.6080 2.8087 155.97 345.60 554.00 * *
157 perfluoropropane 5.7080 5.3990 188.02 236.50 345.51 26.45 299.00
158 1,1,12,2-pentafluoropropane 4.8871 3.8119 134.05 255.71 380.11 30.96 273.00
159 chloropropane 2.3581 2.3973 78.54 320.40 503.00 45.20 254.00
332 1,l-dibromomethane 5.8951 3.4157 173.84 370.00 583.00 71.00 *
333 1,2,3-trichloropropane 3.7532 4.1688 147.43 429.00 651.00 39.10 *
334 1,2-dichloropropane 3.3816 3.1477 112.98 369.50 577.00 44.00 *
335 1-chlorobutane 2.4498 2.8973 92.57 351.60 542.00 36.40 312.00
336 2-chlorobutane 2.9128 2.6645 92.57 341.40 520.60 39.00 305.00
391 1,2-dlchloro-l,1,2,2-tetraf1 5.5829 4.3827 170.92 276.90 418.90 32.20 293.00
392 tetrachloroethylene 6.9743 4.1230 165.83 394.30 620.00 44.00 290.00
394 trichloroethylene 5.8271 3.4226 131.38 360.40 571.00 48.50 256.00
398 isopropyl chloride 2.8907 2.1265 78.54 308.90 485.00 46.60 230.00
400 tret-butyl chloride 3.5713 2.3416 92.57 324.00 507.00 39.00 295.00
Halogenated alkylbenzenes
187 bromopentafluorobenzene 3.1496 5.4641 246.96 410.00 601.00 * *
188 1,3,5-trichlorotrifluorobenz 2.2562 7.3794 235.42 471.52 684.40 32.30 448.00
189 dichiorotetrafluorobenzene 2.2982 7.4862 218.97 430.90 626.00 * *
190 chloropentafluorobenzene 2.2682 7.2215 202.51 391.11 570.81 31.96 376.00
191 perfluorobenzene 2.2389 6.9568 186.06 353.41 516.73 32.30 335.00
192 pentafluorobenzene 2.2103 6.6921 168.07 358.89 530.97 34.85 324.00
193 1,2,3,4-tetrafluorobenzene 2.0767 6.1685 150.08 367.51 550.83 37.41 313.00
194 1,2,3,5-tetrafluorobenzene 1.9637 5.6655 150.08 357.61 535.25 36.98 *
195 1,2,4,5-tetrafluorobenzene 1.9353 5.6449 150.08 363.41 543.35 37.51 *
196 dichlorobenzene 1.9101 5.6449 147.00 452.00 * * *
197 1,4-difluorobenzene 1.7725 5.1889 114.09 362.00 556.00 43.40 *
198 bromobenzene 1.6154 4.6389 157.01 429.21 670.00 44.60 324.00
199 chlorobenzene 1.5700 4.8438 112.56 404.87 632.40 44.60 308.00
200 fluorobenzene 1.5464 4.4212 96.10 357.88 560.09 44.91 269.00
201 iodobenzene 1.5080 4.1565 204.01 461.60 721.00 44.60 351.00
ilcohols
204 methanol 1.1547 1.1547 32.04 337.70 512.64 * 118.00
205 ethanol 1.8234 1.5236 46.07 351.44 516.92 63.57 167.00
206 1-propanol 2.1066 2.0236 60.10 370.30 536.78 51.02 219.00
207 2-propanol 2.5159 1.8214 60.10 355.39 519.00 47.00 220.00
312
208 1-butanol 2.2834 2.5236 74.12 390.88 563.05 43.65 275.00
209 2-butanol 2.6702 2.3594 74.12 372.66 551.60 41.24 269.00
210 2-inethyl-1-propanol 2.6647 2.3794 74.12 381.04 547.78 42.44 273.00
211 2-methyl-2-propanol 3.2114 2.0774 74.12 355.50 506.21 39.21 275.00
212 1-pentanol 2.4993 3.0236 88.15 411.13 588.15 38.58 *
213 3-methyl-1-butanol 2.7396 2.8794 88.15 405.20 579.40 * *
214 2-methyl-2-butanol 3.3036 2.6350 88.15 375.50 545.00 * *
215 1-hexanol 2.5708 3.5236 102.18 430.70 611.00 * *
216 2-hexanol 2.7438 3.3594 102.18 411.00 586.20 * *
217 2-methyl-2-pentanol 3.2748 3.1308 102.18 394.20 559.50 * *
218 4-methyl-1-pentanol 2.7396 3.8794 102.18 424.80 603.50 * *
219 4-methyl-2-pentanol 3.0320 3.2152 102.18 404.80 574.40 * *
220 1-heptanol 2.5708 4.0236 116.20 449.76 633.00 * 435.00
221 1-octanol 2.6279 4.5236 130.23 468.31 652.50 28.20 490.00
222 2-octanol 2.7854 4.3594 130.23 452.00 637.00 * *
223 4-methyl-3-heptanol 3.3848 4.3081 130.23 443.00 623.50 * *
224 5-methyl-3-heptanol 3.2787 4.2912 130.23 445.00 621.20 * *
225 2-ethyl-1-hexanol 3.1408 4.4555 130.23 457.80 640.20 * *
226 1-nonanol 2.6746 5.5236 144.26 486.70 671.00 * 546.00
227 1-decanol 2.7135 6.0236 158.29 506.10 687.00 * 600.00
337 11 2-propanediol 2.8083 2.4688 76.09 460.50 625.00 60.00 237.00
338 113-propanediol 2.3839 2.6330 76.09 487.60 658.00 59.00 241.00
339 glycerol 3.0682 3.1162 92.09 563.00 726.00 66.00 255.00
340 ethylene glycol 2.2569 2.1330 62.07 470.40 645.00 76.00 186.00
Ethers
070 dimethyl ether 2.0158 1.6330 46.07 248.30 400.00 53.00 190.00
228 ethyl methyl ether 2.3515 2.1010 60.10 280.60 437.80 43.40 221.00
229 diethyl ether 2.5839 2.5689 74.12 307.58 466.74 35.90 280.00
230 methyl propyl ether 2.4797 2.6010 74.12 311.72 476.25 37.51 *
231 isopropyl methyl ether 2.9364 2.4426 74.12 303.92 464.48 37.13 *
232 butyl methyl ether 2.5568 3.1010 88.15 343.31 512.78 33.27 329.00
233 tert-butyl methyl ether 3.5825 2.7247 88.15 328.30 497.10 33.85 *
234 ethyl propyl ether 2.6147 3.6010 88.15 336.36 500.23 33.36 339.00
235 methyl pentyl ether 2.5568 3.5689 102.18 372.00 546.53 30.02 392.00
236 dipropyl ether 2.7635 3.2522 102.18 363.23 530.60 29.88 *
237 diisopropyl ether 3.4243 3.8166 102.18 341.66 500.32 28.40 386.00
313
238 di-tert-butyl ether 4.3054 3.7071 130.23 380.38 550.00 *
239 dimethoxymethane 2.8537 2.4142 76.10 315.00 480.60 39.00
240 1,2-dimethoxyethane 2.8164 2.9142 90.12 358.00 536.00 38.20
241 1,1-dlethoxyethane 3.0128 3.9142 118.18 375.40 527.00 *
Aldehydes
244 acetaldehyde 2.3128 1.2845 44.00 294.00 461.00 55.00
341 methanal 2.0656 0.8165 30.03 254.00 408.00 65.00
342 propanal 2.3740 1.7845 50.08 321.00 496.00 47.00
343 butanal 2.4531 2.2845 72.12 348.00 524.00 40.00











245 acetone 2.9210 1.6261 58.08 392.20 * 46.39 209.00
246 2-butanone 2.9227 2.1614 72.11 352.74 536.78 41.52 267.00
247 2-pentanone 2.8812 2.6641 86.13 375.41 561.08 36.46 301.00
248 3-pentanone 3.0450 2.7021 86.13 375.11 561.46 36.80 336.00
249 3-methyl-2-butanone 3.3235 2.5368 86.13 367.48 553.40 38.00 310.00
250 2-hexanone 2.8572 3.1641 100.16 400.70 587.00 * *
251 3-hexanone 3.0445 3.2021 100.16 396.60 582.82 32.77 *
252 4-methyl-2-pentanone 3.1688 3.0200 100.16 389.60 571.00 32.30 *
253 2-heptanone 2.8485 3.6641 114.19 424.20 611.50 33.91 *
254 5-nonanone 3.1081 4.7021 142.24 461.60 640.00 * *
Alkanoic acids
288 formic acid 2.7189 1.3938 46.02 373.80 580.00 * *
256 acetic acid 3.2229 1.7154 60.05 391.05 592.71 57.10 171.00
257 propionic acid 3.0948 2.2534 74.08 414.50 612.20 53.00 230.00
258 n-butyric pcid 2.9891 2.7534 88.11 437.20 628.00 52.00 290.00
259 isobutyric acid 3.4659 2.6261 88.11 427.85 609.00 40.00 292.00
260 n-valeric acid 2.9311 3.2534 102.13 459.50 651.00 * *
261 isovaleric acid 3.4973 3.1641 102.13 449.70 634.00 * *
Esters
262 methyl formate 2.9357 1.9712 60.05 304.58 487.20 59.20 172.00
263 ethyl formate 2.9561 2.4392 74.08 327.50 508.50 46.80 229.00
264 propyl formate 2.9222 2.9392 88.11 354.05 538.00 40.10 285.00
314
265 isobutyl formate 3.2161 3.2950 102.13 371.40 551.00 38.30 352.00
266 n-pentyl formate 2.8807 3.9392 116.16 403.60 576.00 34.10 *
267 isopentyl formate 3.1339 3.8330 116.16 396.70 578.00 * *
268 methyl acetate 3.4553 2.3367 74.08 330.40 506.80 46.30 228.00
269 ethyl acetate 3.4032 2.8046 88.11 350.30 523.20 37.80 286.00
270 n-propyl acetate 3.2969 3.3046 102.13 374.70 549.40 32.90 345.00
271 n-butyl acetate 3.2062 3.8046 116.16 399.25 579.00 * *
272 isobutyl acetate 3.4995 3.6605 116.16 389.70 561.00 31.20 *
273 isopentyl acetate 3.5517 4.1985 130.19 415.70 599.00 * *
274 methyl propionate 3.4257 2.8747 88.11 352.80 530.60 39.52 282.00
275 ethyl propionate 3.4768 3.3426 102.13 372.20 546.00 33.18 345.00
276 n-propyl propionate 3.4216 3.8426 116.16 395.80 578.00 * *
277 isobutyl propionate 3.5945 4.1985 130.19 410.00 592.00 * *
278 isopentyl propionate 3.6433 4.7365 144.21 433.40 611.00 * *
279 methyl butyrate 3.3111 3.3747 102.13 375.90 554.40 34.30 340.00
280 methyl isobutyrate 3.7364 3.2473 102.13 365.50 540.80 33.90 339.00
281 ethyl butyrate 3.4258 3.8426 116.16 394.70 566.00 30.20 421.00
282 ethyl isobutyrate 
Phenols
3.7679 3.7153 116.16 383.20 553.00 30.30 421.00
283 phenol 1.4983 4.1161 94.11 455.02 694.20 60.50 *
284 o-cresol 1.6477 4.4893 108.14 464.19 697.60 49.40 *
285 m-cresol 1.6065 4.4687 108.14 475.42 705.80 45.00 309.00
286 p-cresol 1.5745 4.4687 108.14 475.13 704.60 50.80 *
287 o-ethylphenol 1.7267 5.0273 122.17 477.67 703.00 * *
288 m-ethylphenol 1.6668 5.0067 122.17 491.57 718.80 * *
289 p-ethylphenol 1.6208 5.0067 122.17 491.13 716.40 * *
290 2,3-xylenol 1.7704 4.8625 122.17 490.09 722.80 * *
291 2,4-xylenol 1.7131 4.8419 122.17 484.13 707.60 *
292 2,5-xylenol 1.7137 4.8419 122.17 484.33 706.90 * *
293 2,6-xylenol 1.7711 4.8625 122.17 474.22 701.00 * *
294 3,4-xylenol 1.7126 4.8419 122.17 500.15 729.80 * *
295 3,5-xylenol 1.7085 4.8213 122.17 494.89 715.60 * *
Nitrogen compounds
315
296 methylamine 1.0801 1.0801 31.06 266.83 430.70 75.14 *
297 ethylamine 1.7366 1.4709 45.08 289.70 456.00 55.50 182.00
298 propylamine 2.0480 1.9709 59.11 321.70 497.00 46.80 *
299 isopropylamine 2.4182 1.7783 59.11 305.60 471.80 44.80 221.00
300 butylamine 2.2427 2.4709 73.14 351.20 524.00 41.00 *
301 tert-butylamine 3.1279 2.0401 73.14 316.80 483.90 37.90 293.00
390 methyIhydrazine 1.8543 1.5275 46.07 364.00 567.00 * 271.00
396 ethylenediamine 2.1266 2.0275 60.09 390.40 593.00 62.00 206.00
401 isobutylamine 2.6124 2.3163 73.14 340.60 516.00 42.00 284.00
302 dimethylamine 1.8306 1.5275 45.08 280.03 437.22 52.70 *
303 diethylamine 2.3992 2.4943 73.14 329.05 496.60 36.60 301.00
304 dipropylamine 2.6184 3.4943 101.19 382.20 550.00 31.00 *
305 trimethylamine 2.6388 1.8708 59.11 276.02 432.79 40.34 254.00
306 triethylamine 3.2976 3.4442 101.19 362.50 535.60 29.92 389.00
Sulphur compounds
312 dimethyIsulphide 3.2161 2.3094 62.13 310.48 503.00 54.60 201.00
313 ethylmethylsulfide 3.2212 2.6783 76.16 339.80 533.00 42.00 *
314 diethylsulfide 3.5509 3.0472 90.18 365.25 557.00 39.10 318.00
315 diisopentyisulfide 3.9889 5.8349 174.35 484.15 664.00 * *
316 diethyldisulfide 4.8404 4.3805 122.24 427.13 642.00 * *
318 methanethiol 1.6330 1.6330 48.10 279.11 470.00 71.40 145.00
319 ethanethiol 2.2135 1.8618 62.13 308.20 499.00 54.20 207.00
320 pentanethiol 2.5183 3.3618 104.21 393.00 604.00 * *
Heterocyclic nitrogen compounds
346 aniline 1.4860 4.0730 93.13 457.60 699.00 52.40 274.00
347 o-toluidine 1.6359 4.4462 107.16 473.50 694.00 37.00 *
348 m-toluidine 1.5957 4.4256 107.16 476.60 709.00 41.00 *
349 p-toluidine 1.5642 4.4256 107.16 473.70 700.00 40.50 *
350 N-methylaniline 1.5940 4.6541 107.16 469.40 701.00 51.30 *
351 N,N-dimethylaniline 1.3733 5.0252 121.18 467.30 687.00 35.80 *
352 N-ethylamihe 1.6558 5.1375 121.18 476.20 698.00 * *
353 N,N-dimethy1-o-toluidene 1.8962 5.4299 135.21 467.30 668.00 30.80 *
354 benzonitrile 1.6240 4.2986 103.12 464.30 699.40 41.60 *
355 p-tolunitrile 1.6606 4.6512 117.15 490.20 723.00 * *
Heterocyclic oxygen compounds
316
356 ethylene oxide 2.5714 1.6547 44.05 283.70 469.00 71.00 140.00
357 propylene oxide 2.3318 2.1547 58.08 308.00 482.20 48.60 186.00
358 tetrahydrofuran 2.2972 2.6547 72.11 338.00 540.10 51.20 224.00
359 2-methyltetrahydrofuran 2.3953 3.0344 86.13 351.00 537.00 37.10 267.00
360 furan 2.9412 2.3618 68.08 304.50 490.20 54.30 218.00
361 2-methylfuran 2.9084 2.7683 82.10 338.00 527.00 46.60 *
363 dihydropyran 2.5799 3.0083 84.12 359.00 561.70 45.00 268.00
364 tetrahydropyran 2.2186 3.1547 86.13 361.00 572.20 47.10 263.00
365 dioxan 2.3740 3.3094 88.11 374.60 587.00 51.40 238.00
Heterocyclic nitrogen compounds
366 pyrrole 2.7878 2.2872 67.09 403.00 639.80 * *
367 pyrrolidine 2.1995 2.5801 71.12 359.64 568.60 55.40 249.00
369 piperidine 2.1186 3.0801 85.15 379.55 594.00 45.90 *
368 2-methylpyrazine 3.0370 2.6974 94.12 410.00 634.30 49.40 283.00
370 pyridine 2.8980 2.6290 79.10 388.41 620.00 55.60 254.00
371 2-methylpyridine 2.9554 3.0446 93.13 402.56 621.00 45.40 *
372 3-methylpyridine 2.9089 3.0498 93.13 417.29 645.00 * *
373 4-methylpyridine 2.9077 3.0498 93.13 418.51 646.00 46.00 *
Cyclic sulphur compounds
374 tetrahydrothiophene 2.8604 3.1330 88.17 394.15 632.00 * *
375 thiophene 3.9066 2.8401 84.14 357.15 579.40 56.20 219.00
Halogenated alkenes
378 perchloroethylene 6.9743 4.1230 165.83 394.40 620.20 * *
379 chlorotrifluoroethylene 5.2645 3.3288 116.47 245.30 379.00 40.00 212.00
380 perfluoroethylene 4.8600 3.0641 100.02 197.20 306.50 38.90 172.00
381 l-chloro-2,2-difluoroethylen 4.5590 2.8931 98.48 254.60 400.60 44.00 197.00
382 1,1-difluoroethylene 3.6849 1.8225 64.03 187.45 302.90 44.00 154.00
383 vinyl fluoride 2.6922 1.3660 46.04 201.00 327.90 51.70 144.00
384 trifluoropropene 4.5016 2.9344 96.05 244.00 376.20 37.50 211.00
385 allyl chloride 3.2283 2.2509 76.53 318.30 514.00 * *
Nitrogen compounds
317
308 acetonitrile 2.5138 1.1482 41.05 354.80 545.40 47.70 173.00
309 propionitrile 2.4604 1.6481 55.08 370.29 564.40 41.30 229.00
310 butyronitrile 2.5026 2.1481 69.11 391.10 582.20 37.40 *
311 capronitrile 2.6093 3.1481 97.16 436.80 622.00 32.10 *
386 hydrogen cyanide 2.8577 0.6236 27.03 298.90 456.80 53.20 139.00
393 cyanogen 3.2309 1.3819 52.03 252.50 400.00 59.00 *
397 acrylonitrile 2.9615 1.4410 53.06 350.50 536.00 45.00 210.00
389 nitromethane 3.0796 2.0638 61.04 374.40 588.00 62.30 173.00
318
Appendix E.
Compound-compound comparison between the. proposed models 
and the. experimental data of critical properties
CID T c ( o )  
Al ka nes
T c ( c ) Dev %Dev P c ( o ) P c ( c ) Dev %Dev V c( o )  V c ( c )  Dev %Dev
002 305. 42 308. ,78 - 3 . ,36 - 1 . .10 48. .16 51. .16 - 3 . .00 - 6 . .23 148, .00 149 .02 - 1 , .02 -0 , .69
003 369. ,82 371. ,49 - 1 . ,67 - 0 . .45 41, .94 42, .55 - 0 , .61 - 1 , .46 203, .00 203, .65 - 0 , .65 - 0 .32
004 425. ,18 425. ,66 - 0 . ,48 - 0 . .11 37. .47 37..10 0..37 0,.98 255, .00 258 .48 - 3 , .48 -1 .36
005 408. ,15 410. ,65 - 2 . ,50 - 0 . .61 36. .00 38,.43 - 2 . .43 - 6 . .76 263, .00 251 .99 11,.01 4 .19
006 469. ,70 472. ,51 - 2 . ,81 - 0 . .60 33. .25 32..44 0..81 2..44 304, .00 312, .93 - 8 . .93 - 2 .94
007 460. .43 460. .93 - 0 . .50 - 0 . .11 33, .37 33,.97 - 0 , .60 - 1 , .81 306, .00 306 .96 - 0 , .96 - 0 .31
008 433. ,78 438. .39 - 4 . .61 - 1 . .06 31. .57 34..47 - 2 . .90 - 9 . .19 303. .00 303, .83 - 0 .83 - 0 .27
009 507. .50 509. .49 - 1 . .99 - 0 . .39 29. .73 29. .44 0..29 0..97 370. .00 368, .06 1,.94 0,.52
010 497;.50 499. .70 - 2 . .20 - 0 . .44 29. .71 30,.42 - 0 . .71 - 2 , .41 367. .00 361, .69 5,.31 1,.45
Oi l 504. ,50 503. ,58 0..92 0..18 30. .83 30..36 0,.47 1,.52 367. .00 361, .94 5..06 1,.38
012 488. ,78 488. ,79 - 0 . ,01 - 0 . .00 30. .40 30. .90 - 0 . .50 - 1 , .63 359. .00 358, .87 0..13 0..04
013 499. ,98 498. ,04 1..94 0..39 30. .86 31..40 - 0 , .54 - 1 , .74 358, .00 355, .44 2..56 0..71
014 540. ,30 543. ,17 - 2 . ,87 - 0 . ,53 27. .00 26. .70 0..30 1,.12 432. .00 422. .80 9..20 2.. 13
015 530. ,37 533. ,92 - 3 . ,55 - 0 . ,67 26. ,98 27. .54 - 0 . .56 - 2 . .08 421. .00 416. .40 4..60 1.,09
016 535. .26 536. ,04 - 0 . ,78 - 0 . ,15 27. .77 27. .46 0..31 1,.10 404. .00 416, .66 - 1 2 . .66 - 3 . .13
017 540. ,64 537. ,93 2.,71 0.,50 28. ,53 27. .38 1..15 4..04 416. .00 416. .92 - 0 . .92 - 0 . .22
018 520. ,50 523. ,14 - 2 . ,64 - 0 . ,51 27. .37 27. .99 - 0 . .62 - 2 . .25 416. .00 413. .54 2..46 0..59
019 537. ,35 534. ,96 2.,39 0. 44 28. ,70 28. .29 0..41 1..42 393. .00 410. .38 - 1 7 . .38 - 4 , .42
020 519. .79 522. .94 - 3 . ,15 - 0 . ,61 27. .01 28. .38 - 1 . .37 - 5 . .06 418. .00 410. .02 7..98 1..91
021 536. .40 531. .94 4.,46 0..83 29. .07 27. .90 1..17 4..03 414. .00 413. .93 0..07 0..02
022 531. .17 526. .82 4..35 0..82 29. ,15 28. .78 0.,37 1.,27 398. ,00 407. .35 - 9 . ,35 - 2 . ,35
023 568, .83 572. .84 - 4 . .01 - 0 . .71 24. .54 24. .42 0..12 0..49 492. ,00 477. .50 14.,50 2.,95
024 559, .64 564. .42 - 4 . .78 - 0 . .85 24. ,52 25. .15 - 0 . ,63 - 2 . ,56 488. ,00 471. ,07 16.,93 3. 47
025 563. .67 565. ,82 - 2 . .15 - 0 . ,38 25. ,13 25. ,09 0.,04 0.,16 464. ,00 471. ,33 - 7 . ,33 - 1 . 58
026 561, .74 564. .09 - 2 . .35 - 0 . .42 25. .09 25. .04 0..05 0.,19 476. ,00 471. .36 4.,64 0.,97
027 565. .49 564. .88 0..61 0..11 25. ,74 24. .98 0..76 2..96 455. ,00 471. .62 - 1 6 . ,62 - 3 . 65
028 549. .87 554. .18 - 4 . .31 - 0 . .78 24. .96 25. .58 - 0 . ,62 - 2 . .48 478. ,00 468. .17 9. ,83 ' 2. 06
029 563. .49 563. .21 0..28 0..05 25. ,94 25. .77 0..17 0..66 468. ,00 465. .05 2.,95 0. 63
030 553. .52 555. .29 - 1 . .77 - 0 . ,32 25. .23 25. .80 - 0 . ,57 - 2 . ,27 472. ,00 464. ,93 7. 07 1. 50
319
031 550. ,06 555, . 19 - 5 . . 13 - 0 . .93 24, .54 25..88 - 1 , .34 - 5 , .48
032 562. .02 560, .37 1..65 0,.29 26 .19 25 .46 0 .73 2 .79
033 568. .85 565. .75 3,. 10 0..54 26,.57 25 .73 0,.84 3,.16
034 567. ,09 562. ,90 4..19 0..74 26, .65 25,.68 0,.97 3,.65
035 576. ,58 568. .22 8,.36 1,.45 27, .71 25,.39 2 .32 8,.39
036 563. ,50 559. .43 4..07 0,.72 26. .94 26,.18 0,.76 2,.81
037 543. ,96 545. .89 - 1 . .93 - 0 . .36 25. .34 26,.28 - 0 . .94 - 3 , .69
038 573. ,56 565. .69 7..87 1.,37 27. .83 26, .15 1..68 6,.04
039 566. ,41 562. . 15 4..26 0..75 26. .94 26,.49 0..45 1,.67
040 567. .80 558. .83 8..97 1..58 28. .30 26. .60 1..70 6..01
041 594. ,60 599. .19 - 4 . .59 - 0 . .77 22. .58 22. .50 0..08 0..37
042 587. .00 591. .63 - 4 . .63 - 0 . .79 22. .80 23,.13 - 0 . .33 - 1 , .43
043 576. .80 582. .06 - 5 . .26 - 0 . .91 23. .19 23, .53 - 0 . .34 - 1 . .49
044 568. .00 573. .13 - 5 . .13 - 0 . .90
045 607. .70 596. .88 10..82 1..78 27. .05 24. .35 2..70 9..97
046 592. .70 585. .65 7..05 1..19 25. .68 24. .65 1..03 4..01
047 574. .70 574. .31 0..39 0..07 24. .53 24. .50 0.,03 0..14
048 607. .70 596. .41 11..29 1.,86 26. .80 24. .60 2.,20 8..22
049 617. .70 622. .73 - 5 . .03 - 0 . ,81 20. ,76 20. ,85 - 0 . .09 - 0 . .45
050 609. .70 606. ,85 2..85 0.,47 22. ,87 22. ,19 0..68 2..97
051 623. .20 616. ,60 6.,60 1. 06 24. 77 22. 48 2..29 9.,26
052 581. .60 588. ,46 - 6 . ,86 - 1 . , 18 21. 57 22. 69 - 1 . .12 - 5 . .18
053 638. .80 643. ,94 - 5 . ,14 - 0 . ,81 19. 40 19. 43 - 0 . .03 - 0 . ,16
054 658. .20 663. ,13 - 4 . ,93 - 0 . 75 18. 00 18. 19 - 0 . ,19 - 1 . ,05
055 676. .00 680. ,56 - 4 . ,56 - 0 . ,67 17. 00 17. 10 - 0 . ,10 - 0 . 57
056 693. .00 696. .55 - 3 . .55 - 0 . ,51 14. 20 16. 13 - 1 . ,93 - 1 3 . ,57
057 722. .00 724. .67 - 2 . .67 - 0 . ,37
058 748. .00 748. .10 - 0 . ,10 - 0 . 01
482. ,00 464. ,66 17,.34 3. 60
443. .00 468, .60 - 25 , .60 - 5 . .78
466. .00 465. ,29 0,.71 0..15
443. .00 465. ,33 - 2 2 . .33 - 5 . .04
455. .00 468. .99 - 13 . .99 - 3 . .08
436. ,00 462. ,22 - 26 . .22 - 6 . ,01
468. ,00 461. ,79 6..21 1.,33
455. ,00 462. ,38 - 7 . .38 - 1 . ,62
461. ,00 458. ,76 2..24 0.,49
CycloalkaneB
059 3 9 8 . 3 0 3 9 6 . 4 4 1 . 8 6 0 . 4 7 5 5 . 0 6 5 4 . 1 5 0 . 9 1 1 . 6 5 1 6 3 . 0 0 1 7 1 . 5 2 - 8 . 5 2 - 5 . 2 3
060 4 6 0 . 0 0 4 6 3 . 4 2 - 3 . 4 2 - 0 . 7 4 4 9 . 2 0 4 9 . 8 8 - 0 . 6 8 - 1 . 3 9 2 1 0 . 0 0 2 1 6 . 6 2 - 6 . 6 2 - 3 . 1 5
061 5 1 1 . 7 0 5 1 4 . 7 1 - 3 . 0 1 — 0 . 5 9 4 4 . 4 9 4 4 . 7 8 - 0 . 2 9 - 0 . 6 6 2 6 0 . 0 0 2 6 1 . 9 1 - 1 . 9 1 - 0 . 7 3
062 5 3 2 . 7 3 5 3 4 . 1 2 - 1 . 3 9 - 0 . 2 6 3 7 . 3 5 3 7 . 3 8 - 0 . 0 3 - 0 . 0 9 3 1 9 . 0 0 3 2 0 . 6 6 - 1 . 6 6 - 0 . 5 2
063 5 6 9 . 5 0 5 7 0 . 1 7 - 0 . 6 7 - 0 . 1 2 3 3 . 5 3 3 3 . 2 4 0 . 2 9 0 . 8 6 3 7 5 . 0 0 3 7 5 . 4 9 - 0 . 4 9 - 0 . 1 3
064 5 5 3 . 5 0 5 5 7 . 7 4 - 4 . 2 4 - 0 . 7 7 4 0 . 2 0 4 0 . 7 9 - 0 . 5 9 - 1 . 4 7 3 0 8 . 0 0 3 0 7 . 0 7 0 . 9 3 0 . 3 0
065 5 7 2 . 2 0 5 7 2 . 6 2 - 0 . 4 2 - 0 . 0 7 3 4 . 2 6 3 4 . 5 3 - 0 . 2 7 - 0 . 8 0 3 6 8 . 0 0 3 6 5 . 8 6 2 . 1 4 0 . 5 8
320
066 5 8 7 . 7 0 5 8 5 . 7 6 1 . 9 4 0 . 3 3
067 6 0 2 . 2 0 6 0 2 . 6 7 - 0 . 4 7 - 0 . 0 8
068 6 0 4 . 2 0 6 0 7 . 1 2 - 2 . 9 2 - 0 . 4 8 3 7 . 6 0 3 7 . 1 5 0 . 4 5 1 . 2 0
069 6 4 7 . 2 0 6 4 5 . 4 8 1 . 7 2 0 . 2 7 3 5 . 1 0 3 4 . 1 7 0 . 9 3 2 . 6 6
391 5 4 7 . 0 0 5 4 8 . 6 4 - 1 . 6 4 - 0 . 3 0 3 4 . 0 0 3 2 . 7 2 1 . 2 8 3 . 7 5
392 5 9 1 . 0 0 5 8 9 . 3 2 1 . 6 8 0 . 2 8 2 9 . 3 0 3 0 . 3 1 - 1 . 0 1 - 3 . 4 4
A l k e n e s
072 2 8 2 . 3 4 2 8 5 . 5 8 - 3 . 2 4 - 1 . 1 5 4 9 . 7 3 4 9 . 6 7 0 . 0 6 0 . 1 2
073 3 6 4 . 8 5 3 6 5 . 7 1 — 0 . 8 6 - 0 . 2 4 4 5 . 4 1 4 5 . 4 3 - 0 . 0 2 - 0 . 0 5
074 4 1 9 . 5 7 4 2 0 . 7 4 - 1 . 1 7 - 0 . 2 8 3 9 . 7 0 3 9 . 7 0 0 . 0 0 0 . 0 1
075 4 3 5 . 5 8 4 3 4 . 5 9 0 . 9 9 0 . 2 3 4 1 . 4 2 4 0 . 6 3 0 . 7 9 1 . 9 0
076 4 2 8 . 6 3 4 3 0 . 6 2 - 1 . 9 9 — 0 . 4 6 3 9 . 3 3 4 0 . 6 3 - 1 . 3 0 - 3 . 3 2
077 4 1 7 . 9 0 4 2 2 . 2 1 - 4 . 3 1 - 1 . 0 3 3 9 . 4 8 4 1 . 0 8 - 1 . 6 0 - 4 . 0 6
078 4 6 4 . 7 8 4 6 6 . 2 4 - 1 . 4 6 - 0 . 3 2 3 4 . 8 1 3 5 . 0 2 - 0 . 2 1 - 0 . 6 0
079 4 7 5 . 0 0 4 7 5 . 6 6 — 0 . 6 6 - 0 . 1 4 3 6 . 4 0 3 5 . 7 7 0 . 6 3 1 . 7 3
080 4 7 1 . 0 0 4 7 4 . 8 6 - 3 . 8 6 — 0 . 8 2 3 4 . 7 0 3 5 . 7 7 - 1 . 0 7 - 3 . 0 8
081 4 7 0 . 0 0 4 7 0 . 9 1 - 0 . 9 1 - 0 . 1 9 3 8 . 0 0 3 6 . 3 0 1 . 7 0 4 . 4 8
082 4 8 1 . 0 0 4 8 0 . 6 5 0 . 3 5 0 . 0 7 3 8 . 6 0 3 6 . 9 0 1 . 7 0 4 . 4 0
083 5 0 4 . 0 3 5 0 6 . 5 0 - 2 . 4 7 - 0 . 4 9
084 5 3 7 . 2 9 5 4 1 . 0 7 - 3 . 7 8 - 0 . 7 0
085 5 6 6 . 7 0 5 7 1 . 4 5 - 4 . 7 5 - 0 . 8 4
A l k a d i e n e s
086 3 9 3 . 0 0 3 9 8 . 3 1 - 5 . 3 1 - 1 . 3 5 5 4 . 0 0 5 0 . 9 2 3 . 0 8 5 . 7 1
087 4 2 5 . 0 0 4 2 5 . 9 0 - 0 . 9 0 - 0 . 2 1 4 2 . 7 0 4 1 . 4 4 1 . 2 6 2 . 9 4
088 5 0 7 . 0 0 5 0 7 . 5 2 - 0 . 5 2 - 0 . 1 0 3 4 . 0 0 3 4 . 5 6 - 0 . 5 6 - 1 . 6 6
089 6 1 5 . 0 0 6 2 4 . 6 2 - 9 . 6 2 - 1 . 5 6
323 4 4 3 . 7 0 4 3 7 . 3 1 6 . 3 9 1 . 4 4 4 4 . 4 0 4 5 . 9 0 - 1 . 5 0 - 3 . 3 7
324 5 0 3 . 0 0 5 0 1 . 3 3 1 . 6 7 0 . 3 3 4 0 . 2 0 4 0 . 1 8 0 . 0 2 0 . 0 4
325 4 7 8 . 0 0 4 6 9 . 1 9 8 . 8 1 1 . 8 4 3 7 . 4 0 3 8 . 6 6 - 1 . 2 6 - 3 . 3 8
326 4 8 4 . 0 0 4 7 7 . 9 5 6 . 0 5 1 . 2 5 3 8 . 0 0 3 8 . 1 4 - 0 . 1 4 - 0 . 3 6
327 4 9 6 . 0 0 4 9 8 . 4 0 - 2 . 4 0 - 0 . 4 8 4 0 . 6 0 4 1 . 1 0 - 0 . 5 0 - 1 . 2 3
328 4 9 6 . 0 0 4 8 6 . 1 8 9 . 8 2 1 . 9 8 3 9 . 4 0 3 7 . 9 7 1 . 4 3 3 . 6 3
353, .00 352, .34 0,.66 0,. 19
410. .00 397, .55 12..45 3,.04
360. .00 365, .59 - 5 . .59 - 1 , .55
416. .00 410, ,40 5.,60 1..35
130. .00 132. .85 - 2 . .85 - 2 . , 19
181. ,00 184. , 14 - 3 . ,14 - 1 . ,73
240. ,00 238. ,88 1.,12 0.,47
234. .00 235. ,80 - 1 . ,80 - 0 . ,77
238. ,00 235. ,80 2.,20 0.,92
239. ,00 230. ,57 8.,43 3.,53
1 6 2 . 0 0  1 6 7 . 4 6  - 5 . 4 6  - 3 . 3 7
2 1 9 . 0 0  2 2 1 . 8 9  - 2 . 8 9  - 1 . 3 2
3 2 8 . 0 0  3 3 0 . 5 3  - 2 . 5 3  - 0 . 7 7
2 1 9 . 0 0  2 1 8 . 5 3  0 . 4 7  0 . 2 1
2 7 6 . 0 0  2 7 3 . 1 1  2 . 8 9  1 . 0 5
2 7 6 . 0 0  2 7 5 . 4 7  0 . 5 3  0 . 1 9
2 7 6 . 0 0  2 6 8 . 1 3  7 . 8 7  2 . 8 5
2 6 7 . 0 0  2 6 4 . 8 9  2 . 1 1  0 . 7 9
2 7 5 . 0 0  2 7 2 . 9 5  2 . 0 5  0 . 7 4
Al kynes
321
092 308, .33 310. .27 - 1 . .94 - 0 . .63 60. .59 59..96 0..63 1..04 113. .00 112. .61 0..39 0,.34
093 402, .38 411. .09 - 8 . .71 - 2 . . 16 55. .54 54. ,59 0..95 1..71 164. .00 166. .27 - 2 . .27 - 1 . .38
094 463. .70 451. .35 12..35 2.,66 45. .60 46..57 - 0 . .97 - 2 . . 13 220. .00 220. .90 - 0 . .90 - 0 . .41
095 486. .70 491. .71 - 3 . .01 - 0 . ,62 46. .50 46..21 0..29 0..63 221. .00 220. .61 0..39 0., 17
096 493. .50 490. ,77 2..73 0.,55 40. ,00 40..18 - 0 . , 18 - 0 . .44 278. .00 275. .61 2,.39 0..86
A l k y l b e n z e n e s
097 5 6 2 . 1 6 5 5 3 . 9 4 8 . 2 2 1 . 4 6 4 8 . 3 4 4 4 . 1 2 4 . 2 2 8 . 7 4 2 5 9 . 0 0 2 6 4 . 7 2 - 5 . 7 2 - 2 . 2 1
098 5 9 1 . 9 7 5 8 9 . 9 6 2 . 0 1 0 . 3 4 4 0 . 5 0 3 9 . 4 2 1 . 0 8 2 . 6 5 3 1 6 . 0 0 3 1 7 . 3 2 - 1 . 3 2 - 0 . 4 2
099 6 1 7 . 2 0 6 1 5 . 1 9 2 . 0 1 0 . 3 3 3 5 . 5 3 3 4 . 7 2 0 . 8 1 2 . 2 8 3 7 4 . 0 0 3 7 2 . 1 8 1 . 8 2 0 . 4 9
100 6 3 0 . 3 0 6 2 9 . 2 8 1 . 0 2 0 . 1 6 3 6 . 8 1 3 5 . 6 1 1 . 2 0 3 . 2 5 3 6 9 . 0 0 3 7 0 . 0 4 - 1 . 0 4 - 0 . 2 8
101 6 1 7 . 0 5 6 2 2 . 4 6 - 5 . 4 1 — 0 . 8 8 3 4 . 8 9 3 5 . 6 2 - 0 . 7 3 - 2 . 1 0 3 7 6 . 0 0 3 6 9 . 9 2 6 . 0 8 1 . 6 2
102 6 1 6 . 2 0 6 2 1 . 6 1 - 5 . 4 1 — 0 . 8 8 3 4 . 6 5 3 5 . 6 8 - 1 . 0 3 - 2 . 9 7 3 7 9 . 0 0 3 6 9 . 9 0 9 . 1 0 2 . 4 0
103 6 3 8 . 3 2 6 3 6 . 6 8 1 . 6 4 0 . 2 6 3 1 . 5 8 3 0 . 9 8 0 . 6 0 1 . 8 9 4 4 0 . 0 0 4 2 6 . 8 3 1 3 . 1 7 2 . 9 9
105 6 6 4 . 4 7 6 6 5 . 9 6 - 1 . 4 9 - 0 . 2 2 3 4 . 0 9 3 2 . 8 1 1 . 2 8 3 . 7 5 4 3 0 . 0 0 4 2 2 . 5 9 7 . 4 1 1 . 7 2
106 6 4 9 . 1 7 6 5 6 . 5 5 - 7 . 3 8 - 1 . 1 4 3 1 . 9 0 3 2 . 5 1 - 0 . 6 1 - 1 . 9 2 4 3 3 . 0 0 4 2 2 . 6 1 1 0 . 3 9 2 . 4 0
107 6 3 7 . 2 5 6 5 0 . 5 5 - 1 3 . 3 0 - 2 . 0 9 3 0 . 8 6 3 2 . 4 7 - 1 . 6 1 - 5 . 2 2
108 6 6 0 . 5 0 6 5 9 . 1 5 1 . 3 5 0 . 2 0 2 8 . 4 9 2 7 . 9 9 0 . 5 0 1 . 7 7 4 9 7 . 0 0 4 8 1 . 4 5 1 5 . 5 5 3 . 1 3
111 6 5 7 . 8 8 6 6 2 . 9 7 - 5 . 0 9 - 0 . 7 7 2 7 . 6 6 2 8 . 6 6 - 1 . 0 0 - 3 . 6 1 4 8 0 . 0 0 4 7 9 . 5 7 0 . 4 3 0 . 0 9
112 6 7 9 . 0 0 6 8 7 . 8 2 - 8 . 8 2 - 1 . 3 0
113 6 7 5 . 0 0 6 8 6 . 3 6 - 1 1 . 3 6 - 1 . 6 8 2 9 . 0 0 2 9 . 8 9 - 0 . 8 9 - 3 . 0 8
114
115 7 5 8 . 0 0 7 5 8 . 7 2 - 0 . 7 2 - 0 . 0 9
329 6 5 1 . 0 0 6 4 7 . 0 3 3 . 9 7 0 . 6 1 3 0 . 0 0 3 1 . 7 1 - 1 . 7 1 - 5 . 6 9 4 6 0 . 0 0 4 2 4 . 8 8 3 5 . 1 2 7 . 6 4
330 6 3 7 . 0 0 6 4 2 . 7 1 - 5 . 7 1 - 0 . 9 0 2 8 . 0 0 3 1 . 7 3 - 3 . 7 3 - 1 3 . 3 4
331 6 4 0 . 0 0 6 4 3 . 7 8 - 3 . 7 8 - 0 . 5 9 2 9 . 0 0 3 1 . 7 9 - 2 . 7 9 - 9 . 6 3
C y c l o a l k e n e s
090 5 0 6 . 0 0 5 1 1 . 3 9 - 5 . 3 9 - 1 . 0 7
2 9 2 . 0 0091 5 6 0 . 4 8 5 6 4 . 5 3 - 4 . 0 5 - 0 . 7 2 4 2 . 9 0 4 2 . 6 9 0 . 2 1 0 . 4 9 3 0 7 . 1 2 - 1 5 . 1 2 - 5 . 1 8
376 5 4 2 . 1 5 5 4 1 . 3 9 0 . 7 6 0 . 1 4 3 8 . 9 4 3 9 . 2 9 - 0 . 3 5 - 0 . 8 9 4 4 5 . 0 0 3 8 7 . 4 9 5 7 . 5 1 1 2 . 9 2
377 5 7 6 . 1 5 5 7 6 . 0 1 0 . 1 4 0 . 0 2 3 3 . 7 7 3 4 . 7 9 - 1 . 0 2 - 3 . 0 1 3 9 3 . 0 0 4 4 2 . 3 0 - 4 9 . 3 0 - 1 2 . 5 4
h a l o g e n a t e d a l k a n e s
116 3 4 0 . 2 0 3 4 4 . 8 1 - 4 . 6 1 - 1 . 3 6 2 0 0 . 0 0 2 0 0 . 2 1 - 0 . 2 1 - 0 . 1 1
117 3 0 2 . 0 0 3 0 8 . 3 0 - 6 . 3 0 - 2 . 0 9 3 8 . 1 9 4 1 . 9 3 - 3 . 7 4 —9 . 8 0 1 8 0 . 0 0 1 7 9 . 6 6 0 . 3 4 0 . 1 9
116 3 8 4 . 9 5 3 8 9 . 8 9 - 4 . 9 4 - 1 . 2 8 4 0 . 8 2 4 2 . 7 7 - 1 , 9 5 - 4 . 7 7 2 1 7 . 0 0 2 1 2 . 9 1 4 . 0 9 1 . 8 8
322
119 4 2 6 . 8 8 4 2 7 . 9 5 - 1 . 0 7 - 0 . 2 5 4 1 . 9 8 4 7 . 0 7 - 5 . 0 9 - 1 2 . 1 3
120 4 7 1 . 0 0 4 7 2 . 6 7 - 1 . 6 7 - 0 . 3 6
121 4 7 1 . 2 0 4 6 9 . 6 8 1 . 5 2 0 . 3 2 4 3 . 5 0 4 2 . 7 8 0 . 7 2 1 . 6 5 2 4 8 . 0 0 2 4 6 . 3 0 1 . 7 0 0 . 6 9
122 5 5 6 . 4 0 5 4 9 . 1 4 7 . 2 6 1 . 3 1 4 5 . 0 0 4 2 . 0 1 2 . 9 9 6 . 6 4 2 7 6 . 0 0 2 7 9 . 8 3 - 3 . 8 3 - 1 . 3 9
123 2 2 7 . 6 0 2 3 1 . 7 4 - 4 . 1 4 - 1 . 8 2 3 6 . 9 0 4 0 . 1 7 - 3 . 2 7 - 8 . 8 7 1 4 0 . 0 0 1 4 6 . 4 7 - 6 . 4 7 - 4 . 6 2
124 3 6 9 . 3 0 3 7 4 . 3 9 - 5 . 0 9 - 1 . 3 8 4 9 . 0 6 5 1 . 9 4 - 2 . 8 8 - 5 . 8 8 1 6 6 . 0 0 1 6 5 . 7 7 0 . 2 3 0 . 1 4
125 4 5 1 . 5 8 4 4 8 . 2 9 3 . 2 9 0 . 7 3 5 1 . 1 6 4 9 . 0 5 2 . 1 1 4 . 1 2 1 9 6 . 0 0 2 0 1 . 0 0 - 5 . 0 0 - 2 . 5 5
126 5 3 6 . 4 0 5 2 8 . 1 3 8 . 2 7 1 . 5 4 5 4 . 0 0 4 8 . 8 5 5 . 1 5 9 . 5 4 2 3 9 . 0 0 2 3 4 . 6 6 4 . 3 4 1 . 8 2
127 2 9 9 . 3 0 3 0 3 . 2 4 - 3 . 9 4 - 1 . 3 2 4 7 . 9 4 4 4 . 7 9 3 . 1 5 6 . 5 7 1 3 3 . 0 0 1 3 4 . 2 0 - 1 . 2 0 - 0 . 9 0
126 5 1 0 . 0 0 5 0 1 . 4 9 8 . 5 1 1 . 6 7 6 0 . 0 0 5 7 . 0 1 2 . 9 9 4 . 9 8
129 3 5 1 . 6 0 3 5 3 . 8 1 - 2 . 2 1 - 0 . 6 3 5 7 . 5 4 4 9 . 3 9 8 . 1 5 1 4 . 1 6 1 2 1 . 0 0 1 2 5 . 3 6 - 4 . 3 6 - 3 . 6 1
130 4 6 4 . 0 0 4 6 4 . 0 8 - 0 . 0 8 - 0 . 0 2 8 5 . 0 0 9 1 . 7 6 - 6 . 7 6 - 7 . 9 6
131 4 1 6 . 2 5 4 1 5 . 0 1 1 . 2 4 0 . 3 0 6 5 . 9 2 7 1 . 2 1 - 5 . 2 9 - 8 . 0 3 1 3 9 . 0 0 1 4 4 . 3 4 - 5 . 3 4 - 3 . 8 4
132 3 1 7 . 8 0 3 2 3 . 1 9 - 5 . 3 9 - 1 . 7 0 5 8 . 0 0 5 8 . 5 0 - 0 . 5 0 — 0 . 8 6 1 1 3 . 0 0 1 1 0 . 1 2 2 . 8 8 2 . 5 5
133 5 2 8 . 0 0 5 2 9 . 3 0 - 1 . 3 0 - 0 . 2 5 6 5 . 0 0 7 1 . 7 4 - 6 . 7 4 - 1 0 . 3 7 1 9 5 . 0 0 1 9 3 . 8 2 1 . 1 8 0 . 6 1
134 3 5 3 . 2 0 3 5 7 . 2 5 - 4 . 0 5 - 1 . 1 5 3 1 . 2 0 3 2 . 6 2 - 1 . 4 2 - 4 . 5 6 2 5 2 . 0 0 2 5 5 . 6 9 - 3 . 6 9 - 1 . 4 7
135 4 1 8 . 9 0 4 2 0 . 2 9 - 1 . 3 9 - 0 . 3 3 3 2 . 2 0 3 3 . 3 4 - 1 . 1 4 - 3 . 5 3 2 9 3 . 0 0 2 8 8 . 7 1 4 . 2 9 1 . 4 6
136 4 1 8 . 6 0 4 2 1 . 4 0 - 2 . 8 0 - 0 . 6 7 3 2 . 6 0 3 3 . 3 4 - 0 . 7 4 - 2 . 2 6 2 9 3 . 0 0 2 8 8 . 7 1 4 . 2 9 1 . 4 6
137 4 8 7 . 8 0 4 7 9 . 5 9 8 . 2 1 1 . 6 8
138 4 8 7 . 3 0 4 8 8 . 2 9 - 0 . 9 9 - 0 . 2 0 3 3 . 7 0 3 3 . 8 3 - 0 . 1 3 - 0 . 3 9 3 2 5 . 0 0 3 2 1 . 7 4 3 . 2 6 1 . 0 0
139 5 6 0 . 7 0 5 5 6 . 7 2 3 . 9 8 0 . 7 1 3 5 . 6 0 3 7 . 4 1 - 1 . 8 1 - 5 . 0 9 3 6 8 . 0 0 3 6 2 . 6 4 5 . 3 6 1 . 4 6
140 5 5 1 . 0 0 5 5 6 . 9 0 - 5 . 9 0 - 1 . 0 7
141 2 9 3 . 0 4 2 9 5 . 3 4 - 2 . 3 0 - 0 . 7 9 2 2 2 . 0 0 2 2 2 . 6 6 — 0 . 6 6 - 0 . 3 0
142 6 4 6 . 0 0 6 6 4 . 0 3 - 1 8 . 0 3 - 2 . 7 9
143 3 9 9 . 9 0 3 9 9 . 7 9 0 . 1 1 0 . 0 3 3 6 . 7 0 3 5 . 3 0 1 . 4 0 3 . 8 1 2 4 4 . 0 0 2 4 3 . 4 2 0 . 5 8 0 . 2 4
144 6 2 6 . 0 0 6 4 1 . 4 1 - 1 5 . 4 1 - 2 . 4 6
145 4 0 9 . 6 0 4 1 2 . 0 0 - 2 . 4 0 - 0 . 5 8 4 0 . 7 0 4 1 . 1 5 - 0 . 4 5 - 1 . 1 0 2 3 1 . 0 0 2 1 8 . 9 0 1 2 . 1 0 5 . 2 4
146 5 4 5 . 0 0 5 4 4 . 2 9 0 . 7 1 0 . 1 3 4 2 . 4 0 4 2 . 8 8 —0 . 4 8 - 1 . 1 4
147 6 0 2 . 0 0 5 9 7 . 8 4 4 . 1 6 0 . 6 9 4 1 . 0 0 4 5 . 0 6 - 4 . 0 6 - 9 . 9 1 2 9 4 . 0 0 2 8 9 . 0 2 4 . 9 8 1 . 6 9
148 3 4 6 . 3 0 3 5 4 . 5 8 - 8 . 2 8 - 2 . 3 9 3 7 . 1 0 4 1 . 7 7 - 4 . 6 7 —1 2 . 5 8 1 9 4 . 0 0 1 8 8 . 9 3 5 . 0 7 2 . 6 1
149 7 0 . 6 0 6 0 . 4 7 1 0 . 13 1 4 . 3 5
150 5 2 3 . 0 0 5 1 9 . 9 1 3 . 0 9 0 . 5 9 5 0 . 0 0 4 8 . 6 1 1 . 3 9 2 . 7 8 2 3 6 . 0 0 2 4 0 . 0 4 - 4 . 0 4 - 1 . 7 1
151 5 6 1 . 0 0 5 5 7 . 2 8 3 . 7 2 0 . 6 6 5 3 . 0 0 4 9 . 2 6 3 . 7 4 7 . 0 5
152 3 8 6 . 7 0 3 8 6 . 2 7 0 . 4 3 0 . 1 1 4 4 . 4 0 4 0 . 9 6 3 . 4 4 7 . 7 5 1 8 1 . 0 0 1 7 8 . 9 9 2 . 0 1 1 . 1 1
153 5 0 3 . 9 0 5 0 1 . 8 2 2 . 0 8 0 . 4 1 2 1 5 . 0 0 2 1 9 . 2 0 - 4 . 2 0 - 1 . 9 5
154 4 6 0 . 4 0 4 5 7 . 2 0 3 . 2 0 0 . 7 0 5 2 . 0 0 5 2 . 8 2 - 0 . 8 2 - 1 . 5 8 1 9 9 . 0 0 1 9 8 . 0 1 0 . 9 9 0 . 5 0
155 3 7 5 . 3 1 3 7 6 . 1 4 - 0 . 8 3 - 0 . 2 2 4 9 . 6 2 4 6 . 1 7 3 . 4 5 6 . 9 5 1 6 9 . 0 0 1 6 4 . 4 8 4 . 5 2 2 . 6 8
323
156 554, .00 558. .40 - 4 . .40 - 0 . .79
157 345. .51 342. .15 3..36 0..97 26. .45 25. .94 0..51 1..93 299. .00 298. .80 0..20 0..07
158 380. . 11 382. .03 - 1 . .92 - 0 . .50 30. .96 30. .85 0..11 0..34 273. .00 262. .08 10..92 4..00
159 503. .00 499. .84 3.. 16 0..63 45. .20 44. .28 0..92 2..04 254. .00 252. .73 1..27 0..50
332 583. .00 588. .31 - 5 . .31 - 0 . .91 71. .00 65. .44 5..56 7..83
333 651. .00 651. .09 - 0 . .09 - 0 . .01 39. . 10 39. .17 - 0 . .07 - 0 . .18
334 577. .00 568. .34 8..66 1..50 44. .00 42. .81 1..19 2..71
335 542. .00 535. .94 6..06 1.. 12 36. .40 38. . 15 - 1 . .75 - 4 . .81 312. .00 307. .46 4..54 1..46
336 520. .60 522. .91 - 2 . .31 - 0 . .44 39. .00 38. .91 0..09 0..24 305. .00 300. .78 4..22 1..38
391 418. .90 421. .26 - 2 . .36 - 0 . .56 32. .20 33. .34 - 1 . .14 - 3 . .53 293. .00 288. .71 4..29 1..46
392 620. .00 612. .34 7..66 1..23 44. .00 42. .13 1..87 4..25 290. .00 305. .14 - 1 5 . .14 - 5 . .22
394 571. .00 569. .62 1..38 0..24 48. .50 49. .68 - 1 . .18 - 2 . .44 256. .00 257. .48 - 1 . .48 - 0 . .58
398 485. .00 483. .94 1..06 0..22 46. .60 44. .95 1..65 3.,54 230. ,00 245. .91 - 1 5 . .91 - 6 . .92

















6 0 1 . 0 0  5 9 5 . 0 7
6 8 4 . 4 0  6 8 4 . 3 1
6 2 6 . 0 0  6 2 3 . 6 0  
5 7 0 . 8 1  5 6 5 . 9 4  
5 1 6 . 7 3  5 1 0 . 9 2  
5 3 0 . 9 7  5 2 4 . 7 3  
5 5 0 . 8 3  5 4 3 . 9 9  
5 3 5 . 2 5  5 3 1 . 8 0  
5 4 3 . 3 5  5 3 9 . 5 9
5 5 6 . 0 0  5 5 7 . 2 3
6 7 0 . 0 0  6 6 6 . 5 1
6 3 2 . 4 0  6 1 8 . 6 4  
5 6 0 . 0 9  5 5 5 . 6 1
7 2 1 . 0 0  7 1 4 . 8 5  
Alcohols
5 1 2 . 6 4  5 0 6 . 8 8  
5 1 6 . 9 2  5 2 0 . 2 7
204
205
206 5 3 6 . 7 8  5 4 0 . 4 7
207 5 1 9 . 0 0  5 2 0 . 0 2
5 . 9 3
0 . 0 9







- 1 . 2 3
3 . 4 9
1 3 . 7 6
4 . 4 8
6 . 1 5
5 . 7 6
- 3 . 3 5
- 3 . 6 9
- 1 . 02
0 . 9 9
0 . 0 1
0 . 3 8
0 . 8 5
1 . 1 2
1 . 1 8
1 . 2 4
0 . 6 4
0 . 6 9
0 . 2 2
0 . 5 2
2 . 1 8
0 . 8 0
0 . 8 5
1 . 1 2
0 . 6 5







3 2 . 3 0  3 2 . 2 6  0 . 0 4
3 1 . 9 6  3 1 . 8 6  0
3 2 . 3 0  3 1 . 1 7  1
3 4 . 8 5  3 3 . 5 6  1
3 7 . 4 1  3 5 . 8 0  1
3 6 . 9 8  3 4 . 7 0  2
3 7 . 5 1  3 4 . 6 8  2 . 8 3
4 3 . 4 0  4 6 . 6 3  - 3 . 2 3
4 4 . 6 0  5 0 . 1 8  - 5 . 5 8
4 4 . 6 0  3 8 . 4 9  6 . 1 1
4 4 . 9 1  4 3 . 6 3  1 . 2 8
4 4 . 6 0  4 1 . 7 8  2 . 8 2
6 3 . 5 7  6 4 . 4 6  - 0 . 8 9
5 1 . 0 2  5 1 . 7 1  - 0 . 6 9
4 7 . 0 0  4 8 . 2 8  - 1 . 2 8




4 . 3 0
6 . 1 8
7 . 5 4
- 7 . 4 4
1 2 . 5 1
1 3 . 7 0
2 . 8 4
6 . 3 2
- 1 . 4 1
- 1 . 3 5
- 2 . 7 2
3 7 6 . 0 0  3 7 8 . 1 9
3 3 5 . 0 0  3 4 5 . 1 4
3 2 4 . 0 0  3 3 3 . 0 5
3 1 3 . 0 0  3 1 9 . 7 1
5 . 4 2
- 2 . 1 9
1 0 . 1 4
- 9 . 0 5
- 6 . 7 1
3 2 4 . 0 0  3 3 0 . 3 1  - 6 . 3 1
3 0 8 . 0 0  3 2 3 . 8 2  - 1 5 . 8 2
2 6 9 . 0 0  2 7 8 . 7 7  - 9 . 7 7
3 5 1 . 0 0  3 5 2 . 1 9  - 1 . 1 9
1 1 8 . 0 0  1 1 1 . 8 6  6 . 1 4
1 6 7 . 0 0  1 6 5 . 9 4  1 . 0 6
2 1 9 . 0 0  2 2 0 . 7 8  - 1 . 7 8
2 2 0 . 0 0  2 1 9 . 7 0  0 . 3 0
1 . 2 1
0 . 5 8
3 . 0 3
2 . 7 9
2 . 1 4
1 . 9 5
5 . 1 4
3 . 6 3
0 . 3 4
5 . 2 0
0 . 6 3
0 . 8 1
0 . 1 4
324
208 5 6 3 . 0 5 5 6 2 . 6 0 0 . 4 5 0 . 0 8 4 3 . 6 5 4 3 . 4 0 0 . 2 5 0 . 5 7 2 7 5 . 0 0 2 7 5 . 5 3 - 0 . 5 3 - 0 . 1 9
209 5 5 1 . 6 0 5 3 8 . 5 2 1 3 . 0 8 2 . 3 7 4 1 . 2 4 4 1 . 2 2 0 . 0 2 0 . 0 5 2 6 9 . 0 0 2 7 4 . 6 2 - 5 . 6 2 - 2 . 0 9
210 5 4 7 . 7 8 5 5 0 . 8 9 - 3 . 1 1 - 0 . 5 7 4 2 . 4 4 4 5 . 0 8 - 2 . 6 4 - 6 . 2 1 2 7 3 . 0 0 2 6 9 . 2 1 3 . 7 9 1 . 3 9
211 5 0 6 . 2 1 5 1 4 . 6 1 - 8 . 4 0 - 1 . 6 6 3 9 . 2 1 3 8 . 4 2 0 . 7 9 2 . 0 2 2 7 5 . 0 0 2 7 3 . 2 5 1 . 7 5 0 . 6 4
212 5 8 8 . 1 5 5 7 7 . 3 2 1 0 . 8 3 1 . 8 4 3 8 . 5 8 3 5 . 4 0 3 . 1 8 8 . 2 4
213 5 7 9 . 4 0 5 7 7 . 5 3 1 . 8 7 0 . 3 2
214 5 4 5 . 0 0 5 3 6 . 8 4 8 . 1 6 1 . 5 0
215 6 1 1 . 0 0 5 9 7 . 5 9 1 3 . 4 1 2 . 1 9
216 5 8 6 . 2 0 5 7 8 . 9 8 7 . 2 2 1 . 2 3
217 5 5 9 . 5 0 5 5 6 . 7 7 2 . 7 3 0 . 4 9
218 6 0 3 . 5 0 5 9 9 . 3 6 4 . 1 4 0 . 6 9
219 5 7 4 . 4 0 5 7 2 . 4 4 1 . 9 6 0 . 3 4
220 6 3 3 . 0 0 6 2 2 . 7 7 1 0 . 2 3 1 . 6 2 4 3 5 . 0 0 4 3 9 . 7 0 - 4 . 7 0 - 1 . 0 8
221 6 5 2 . 5 0 6 4 0 . 7 3 1 1 . 7 7 1 . 8 0 2 8 . 2 0 2 6 . 6 8 1 . 5 2 5 . 4 0 4 9 0 . 0 0 4 9 4 . 4 1 - 4 . 4 1 - 0 . 9 0
222 6 3 7 . 0 0 6 2 0 . 9 9 1 6 . 0 1 2 . 5 1
223 6 2 3 . 5 0 6 1 0 . 6 8 1 2 . 8 2 2 . 0 6
224 6 2 1 . 2 0 6 1 3 . 4 0 7 . 8 0 1 . 2 6
225 6 4 0 . 2 0 6 2 8 . 7 6 1 1 . 4 4 1 . 7 9
226 6 7 1 . 0 0 6 5 8 . 2 3 1 2 . 7 7 1 . 9 0 5 4 6 . 0 0 5 5 1 . 4 3 - 5 . 4 3 - 0 . 9 9
227 6 8 7 . 0 0 6 7 6 . 3 4 1 0 . 6 6 1 . 5 5 6 0 0 . 0 0 6 0 6 . 1 3 - 6 . 1 3 - 1 . 0 2
337 6 2 5 . 0 0 6 3 6 . 0 7 - 1 1 . 0 7 - 1 . 7 7 6 0 . 0 0 5 5 . 9 2 4 . 0 8 6 . 7 9 2 3 7 . 0 0 2 3 6 . 8 8 0 . 1 2 0 . 0 5
338 6 5 8 . 0 0 6 7 0 . 3 4 - 1 2 . 3 4 - 1 . 8 8 5 9 . 0 0 5 9 . 4 8 — 0 . 4 8 - 0 . 8 2 2 4 1 . 0 0 2 3 7 . 7 7 3 . 2 3 1 . 3 4
339 7 2 6 . 0 0 7 4 5 . 1 3 - 1 9 . 1 3 - 2 . 6 3 6 6 . 0 0 6 2 . 2 6 3 . 7 4 5 . 6 6 2 5 5 . 0 0 2 5 4 . 0 6 0 . 9 4 0 . 3 7
340 6 4 5 . 0 0 6 5 3 . 1 0 - 8 . 1 0 - 1 . 2 6 7 6 . 0 0 7 5 . 9 5 0 . 0 5 0 . 0 7 1 8 6 . 0 0 1 8 3 . 0 4 2 . 9 6 1 . 5 9
E t h e r s
070 4 0 0 . 0 0 3 9 5 . 9 3 4 . 0 7 1 . 0 2 5 3 . 0 0 5 1 . 1 0 1 . 9 0 3 . 5 9 1 9 0 . 0 0 1 6 4 . 9 0 2 5 . 1 0 1 3 . 2 1
228 4 3 7 . 8 0 4 3 5 . 8 7 1 . 9 3 0 . 4 4 4 3 . 4 0 4 2 . 7 0 0 . 7 0 1 . 6 2 2 2 1 . 0 0 2 1 9 . 6 2 1 . 3 8 0 . 6 2
229 4 6 6 . 7 4 4 6 7 . 4 2 — 0 . 6 8 . - 0 . 1 5 3 5 . 9 0 3 6 . 7 9 - 0 . 8 9 - 2 . 4 7 2 8 0 . 0 0 2 7 4 . 2 5 5 . 7 5 2 . 0 5
230 4 7 6 . 2 5 4 6 6 . 2 6 9 . 9 9 2 . 1 0 3 7 . 5 1 3 5 . 0 5 2 . 4 6 6 . 5 6
231 4 6 4 . 4 8 4 6 3 . 8 2 0 . 6 6 0 . 1 4 3 7 . 1 3 3 8 . 2 2 - 1 . 0 9 - 2 . 9 3
232 5 1 2 . 7 8 5 1 0 . 7 0 2 . 0 8 0 . 4 1 3 3 . 2 7 3 2 . 8 2 0 . 4 5 1 . 3 5 3 2 9 . 0 0 3 2 9 . 0 7 - 0 . 0 7 - 0 . 0 2
233 4 9 7 . 1 0 4 9 4 . 8 5 2 . 2 5 0 . 4 5 3 3 . 8 5 3 4 . 1 5 - 0 . 3 0 - 0 . 8 7
234 5 0 0 . 2 3 5 0 3 . 2 1 - 2 . 9 8 - 0 . 5 9 3 3 . 3 6 3 4 . 2 3 - 0 . 8 7 - 2 . 6 1 3 3 9 . 0 0 3 3 1 . 4 0 7 . 6 0 2 . 2 4
235 5 4 6 . 5 3 5 5 0 . 4 9 —3 . 9 6 - 0 . 7 2 3 0 . 0 2 3 0 . 7 5 - 0 . 7 3 - 2 . 4 2 3 9 2 . 0 0 3 6 7 . 9 5 2 4 . 0 5 6 . 1 4
236 5 3 0 . 6 0 5 2 9 . 8 6 0 . 7 4 0 . 1 4 2 9 . 8 8 2 8 . 4 8 1 . 4 0 4 . 6 7
237 5 0 0 . 3 2 5 0 7 . 2 9 - 6 . 9 7 - 1 . 3 9 2 8 . 4 0 3 2 . 2 6 - 3 . 8 6 - 1 3 . 5 9 3 8 6 . 0 0 3 7 3 . 4 9 1 2 . 5 1 3 . 2 4
325
238 5 5 0 . 0 0 5 5 2 . 2 8 - 2 . 2 8 - 0 . 4 1
239 4 8 0 . 6 0 4 7 4 . 9 4 5 . 6 6 1 . 1 8 3 9 . 0 0 4 0 . 3 0 - 1 . 3 0 - 3 . 3 4 2 1 3 . 0 0 2 3 3 . 7 4 - 2 0 . 7 4 - 9 . 7 4
240 5 3 6 . 0 0 5 2 7 . 7 2 8 . 2 8 1 . 5 4 3 8 . 2 0 3 5 . 4 1 2 . 7 9 7 . 2 9 2 7 1 . 0 0 2 8 8 . 3 8 - 1 7 . 3 8 - 6 . 4 1
241 5 2 7 . 0 0 5 3 9 . 5 1 - 1 2 . 5 1 - 2 . 3 7
Al deh yd es
244 4 6 1 . 0 0 4 6 1 . 6 8 — 0 . 6 8 - 0 . 1 5 5 5 . 0 0 5 3 . 4 8 1 . 5 2 2 . 7 6 1 5 4 . 0 0 1 7 0 . 5 5 - 1 6 . 5 5 - 1 0 . 7 5
341 4 0 8 . 0 0 4 0 8 . 3 6 - 0 . 3 6 - 0 . 0 9 6 5 . 0 0 6 7 . 7 5 - 2 . 7 5 - 4 . 2 3
342 4 9 6 . 0 0 4 9 4 . 3 6 1 . 6 4 0 . 3 3 4 7 . 0 0 4 9 . 2 5 - 2 . 2 5 — 4 . 8 0 2 2 3 . 0 0 2 0 4 . 4 6 1 8 . 5 4 8 . 3 2
343 5 2 4 . 0 0 5 2 5 . 6 5 - 1 . 6 5 - 0 . 3 2 4 0 . 0 0 3 9 . 0 9 0 . 9 1 2 . 2 7 2 7 8 . 0 0 2 8 0 . 1 5 - 2 . 1 5 - 0 . 7 7
344 5 1 3 . 0 0 5 1 1 . 9 0 1 . 1 0 0 . 2 1 4 1 . 0 0 4 0 . 4 1 0 . 5 9 1 . 4 4 2 7 4 . 0 0 2 7 3 . 8 6 0 . 1 4 0 . 0 5
Ket ones
245 4 6 . 3 9 4 9 . 7 6 - 3 . 3 7 - 7 . 2 5 2 0 9 . 0 0 2 0 9 . 1 3 - 0 . 1 3 - 0 . 0 6
246 5 3 6 . 7 8 5 3 4 . 3 6 2 . 4 2 0 . 4 5 4 1 . 5 2 4 2 . 6 3 - 1 . 1 1 - 2 . 6 8 2 6 7 . 0 0 2 6 3 . 9 7 3 . 0 3 1 . 1 3
247 5 6 1 . 0 8 5 5 9 . 3 9 1 . 6 9 0 . 3 0 3 6 . 4 6 3 7 . 2 1 - 0 . 7 5 - 2 . 0 6 3 0 1 . 0 0 3 1 8 . 6 2 - 1 7 . 6 2 - 5 . 8 5
248 5 6 1 . 4 6 5 5 8 . 7 2 2 . 7 4 0 . 4 9 3 6 . 8 0 3 7 . 0 6 - 0 . 2 6 - 0 . 7 1 3 3 6 . 0 0 3 1 8 . 8 8 1 7 . 1 2 5 . 0 9
249 5 5 3 . 4 0 5 5 0 . 1 6 3 . 2 4 0 . 5 9 3 8 . 0 0 3 8 . 3 9 - 0 . 3 9 - 1 . 0 3 3 1 0 . 0 0 3 1 2 . 4 1 - 2 . 4 1 - 0 . 7 8
250 5 8 7 . 0 0 5 8 7 . 0 3 - 0 . 0 3 - 0 . 0 0
251 5 8 2 . 8 2 5 8 1 . 3 1 1 . 5 1 0 . 2 6 3 2 . 7 7 3 2 . 8 2 - 0 . 0 5 - 0 . 1 4
252 5 7 1 . 0 0 5 7 4 . 1 8 - 3 . 1 8 - 0 . 5 6 3 2 . 3 0 3 4 . 0 1 - 1 . 7 1 - 5 . 2 9
253 6 1 1 . 5 0 6 1 1 . 5 9 — 0 . 0 9 - 0 . 0 1 3 3 . 9 1 2 9 . 5 6 4 . 3 5 1 2 . 8 3
254 6 4 0 . 0 0 6 4 6 . 3 1 - 6 . 3 1 - 0 . 9 9
A l k a n o i c  a c i d s
288 5 8 0 . 0 0 5 6 3 . 3 5 1 6 . 6 5 2 . 8 7
256 5 9 2 . 7 1 5 8 0 . 4 4 1 2 . 2 7 2 . 0 7 5 7 . 1 0 6 2 . 1 4 — 5 . 0 4 - 8 . 8 2 1 7 1 . 0 0 1 7 8 . 9 0 - 7 . 9 0 - 4 . 6 2
257 6 1 2 . 2 0 6 0 6 . 9 6 5 . 2 4 0 . 8 6 5 3 . 0 0 5 1 . 5 8 1 . 4 2 2 . 6 7 2 3 0 . 0 0 2 3 3 . 6 8 - 3 . 6 8 - 1 . 6 0
258 6 2 8 . 0 0 6 3 1 . 4 1 - 3 . 4 1 — 0 . 5 4 5 2 . 0 0 4 3 . 8 7 8 . 1 3 1 5 . 6 4 2 9 0 . 0 0 2 8 8 . 3 0 1 . 7 0 0 . 5 9
259 6 0 9 . 0 0 6 2 0 . 5 3 - 1 1 . 5 3 - 1 . 8 9 4 0 . 0 0 4 5 . 2 8 - 5 . 2 8 - 1 3 . 2 1 2 9 2 . 0 0 2 8 2 . 1 2 9 . 8 8 3 . 3 9
260 6 5 1 . 0 0 6 5 4 . 5 7 - 3 . 5 7 - 0 . 5 5
261 6 3 4 . 0 0 6 4 3 . 2 4 - 9 . 2 4 - 1 . 4 6
E s t e r s
262 4 8 7 . 2 0 4 7 4 . 4 9 1 2 . 7 1 2 . 6 1 5 9 . 2 0 5 6 . 8 2 2 . 3 8 4 . 0 2 1 7 2 . 0 0 1 8 2 . 7 5 - 1 0 . 7 5 - 6 . 2 5
263 5 0 8 . 5 0 5 0 0 . 4 5 8 . 0 5 1 . 5 8 4 6 . 8 0 4 7 . 1 3 - 0 . 3 3 - 0 . 7 1 2 2 9 . 0 0 2 3 7 . 2 9 - 8 . 2 9 - 3 . 6 2
264 5 3 8 . 0 0 5 3 0 . 8 1 7 . 1 9 1 . 3 4 4 0 . 1 0 4 0 . 4 9 - 0 . 3 9 - 0 . 9 8 2 8 5 . 0 0 2 9 1 . 9 5 - 6 . 9 5 - 2 . 4 4
326
265 5 5 1 . 0 0 5 4 9 . 8 1 1 . 1 9 0 . 2 2 3 8 . 3 0 3 6 . 6 2 1 . 6 8 4 . 3 8 3 5 2 . 0 0 3 4 0 . 2 4 1 1 . 7 6 3 . 3 4
266 5 7 6 . 0 0 5 8 4 . 2 6 - 8 . 2 6 - 1 . 4 3 3 4 . 1 0 3 1 . 5 5 2 . 5 5 7 . 4 7
267 5 7 8 . 0 0 5 7 7 . 3 4 0 . 6 6 0 . 1 1
268 5 0 6 . 8 0 5 0 3 . 9 9 2 . 8 1 0 . 5 5 4 6 . 3 0 4 4 . 7 0 1 . 6 0 3 . 4 5 2 2 8 . 0 0 2 3 6 . 7 2 - 8 . 7 2 — 3 . 8 3
269 5 2 3 . 2 0 5 2 5 . 4 2 - 2 . 2 2 - 0 . 4 2 3 7 . 8 0 3 8 . 6 2 - 0 . 8 2 - 2 . 1 7 2 8 6 . 0 0 2 9 1 . 2 3 - 5 . 2 3 - 1 . 8 3
270 5 4 9 . 4 0 5 5 2 . 4 8 - 3 . 0 8 - 0 . 5 6 3 2 . 9 0 3 4 . 1 6 - 1 . 2 6 - 3 . 8 3 3 4 5 . 0 0 3 4 5 . 8 2 - 0 . 8 2 - 0 . 2 4
271 5 7 9 . 0 0 5 7 8 . 9 5 0 . 0 5 0 . 0 1
272 5 6 1 . 0 0 5 6 8 . 2 9 - 7 . 2 9 - 1 . 3 0 3 1 . 2 0 3 1 . 4 8 - 0 . 2 8 - 0 . 9 1
273 5 9 9 . 0 0 5 9 5 . 8 9 3 . 1 1 0 . 5 2
274 5 3 0 . 6 0 5 2 9 . 0 6 1 . 5 4 0 . 2 9 3 9 . 5 2 3 8 . 8 4 0 . 6 8 1 . 7 2 2 8 2 . 0 0 2 9 1 . 5 6 - 9 . 5 6 - 3 . 3 9
275 5 4 6 . 0 0 5 4 8 . 8 4 - 2 . 8 4 - 0 . 5 2 3 3 . 1 8 3 4 . 0 2 — 0 . 8 4 - 2 . 5 2 3 4 5 . 0 0 3 4 6 . 1 0 - 1 . 1 0 - 0 . 3 2
276 5 7 8 . 0 0 5 7 4 . 0 0 4 . 0 0 0 . 6 9
277 5 9 2 . 0 0 5 8 8 . 4 4 3 . 5 6 0 . 6 0
278 6 1 1 . 0 0 6 1 2 . 1 5 - 1 . 1 5 - 0 . 1 9
279 5 5 4 . 4 0 5 5 4 . 3 0 0 . 1 0 0 . 0 2 3 4 . 3 0 3 4 . 3 4 - 0 . 0 4 - 0 . 1 2 3 4 0 . 0 0 3 4 6 . 1 5 - 6 . 1 5 - 1 . 8 1
280 5 4 0 . 8 0 5 4 2 . 0 0 - 1 . 2 0 - 0 . 2 2 3 3 . 9 0 3 5 . 3 2 - 1 . 4 2 - 4 . 2 0 3 3 9 . 0 0 3 3 9 . 9 4 - 0 . 9 4 - 0 . 2 8
281 5 6 6 . 0 0 5 7 2 . 5 5 - 6 . 5 5 - 1 . 1 6 3 0 . 2 0 3 0 . 4 4 - 0 . 2 4 - 0 . 7 8 4 2 1 . 0 0 4 0 0 . 7 5 2 0 . 2 5 4 . 8 1
282 5 5 3 . 0 0 5 5 9 . 2 4 - 6 . 2 4 - 1 . 1 3 3 0 . 3 0 3 1 . 3 0 - 1 . 0 0 - 3 , 3 0 4 2 1 . 0 0 3 9 4 . 4 9 2 6 . 5 1 6 . 3 0
P h e n o l s
283 6 9 4 . 2 0 6 8 5 . 4 4 8 . 7 6 1 . 2 6 6 0 . 5 0 5 6 . 9 0 3 . 6 0 5 . 9 5
284 6 9 7 . 6 0 6 9 1 . 7 0 5 . 9 0 0 . 8 5 4 9 . 4 0 4 9 . 1 3 0 . 2 7 0 . 5 5
285 7 0 5 . 8 0 7 0 6 . 1 6 - 0 . 3 6 - 0 . 0 5 4 5 . 0 0 4 9 . 1 3 - 4 . 1 3 - 9 . 1 7 3 0 9 . 0 0 3 0 9 . 0 0 - 0 . 0 0 - 0 . 0 0
286 7 0 4 . 6 0 7 0 5 . 9 1 - 1 . 3 1 - 0 . 1 9 5 0 . 8 0 4 9 . 2 0 1 . 6 0 3 . 1 5
287 7 0 3 . 0 0 6 9 9 . 4 9 3 . 5 1 0 . 5 0
288 7 1 8 . 8 0 7 1 7 . 3 1 1 . 4 9 0 . 2 1
289 7 1 6 . 4 0 7 1 6 . 9 1 - 0 . 5 1 - 0 . 0 7
290 7 2 2 . 8 0 7 1 9 . 1 4 3 . 6 6 0 . 5 1
291 7 0 7 . 6 0 7 1 1 . 7 6 - 4 . 1 6 - 0 . 5 9
292 7 0 6 . 9 0 7 1 2 . 0 1 - 5 . 1 1 - 0 . 7 2
293 7 0 1 . 0 0 6 9 8 . 9 7 2 . 0 3 0 . 2 9
294 7 2 9 . 8 0 7 3 2 . 0 4 - 2 . 2 4 - 0 . 3 1
295 7 1 5 . 6 0 7 2 5 . 3 8 - 9 . 7 8 - 1 . 3 7
Nitrogen compounds
327
296 4 3 0 . 7 0  4 3 1 . 7 3 - 1 . 0 3 - 0 . 2 4 7 5 . 1 4 7 2 . 5 5 2 . 5 9 3 . 4 5
297 4 5 6 . 0 0  4 5 6 . 4 5 - 0 . 4 5 - 0 . 1 0 5 5 . 5 0 5 4 . 6 7 0 . 8 3 1 . 4 9 1 8 2 . 0 0 1 9 5 . 9 9 - 1 3 . 9 9 - 7 . 6 9
296 4 9 7 . 0 0  4 9 4 . 9 6 2 . 0 4 0 . 4 1 4 6 . 8 0 4 5 . 3 4 1 . 4 6 3 . 1 1
299 4 7 1 . 8 0  4 7 3 . 7 1 - 1 . 9 1 - 0 . 4 1 4 4 . 8 0 4 7 . 0 9 - 2 . 2 9 - 5 . 1 2 2 2 1 . 0 0 2 4 4 . 3 0 - 2 3 . 3 0 - 1 0 . 5 4
300 5 2 4 . 0 0  5 2 9 . 1 5 - 5 . 1 5 - 0 . 9 8 4 1 . 0 0 3 8 . 8 9 2 . 1 1 5 . 1 4
301 4 8 3 . 9 0  4 8 6 . 8 6 - 2 . 9 6 - 0 . 6 1 3 7 . 9 0 4 0 . 8 4 - 2 . 9 4 - 7 . 7 7 2 9 3 . 0 0 2 9 6 . 1 2 - 3 . 1 2 - 1 . 0 6
390 5 6 7 . 0 0  5 5 9 . 7 7 7 . 2 3 1 . 2 7 2 7 1 . 0 0 1 8 8 . 3 7 8 2 . 6 3 3 0 . 4 9
396 5 9 3 . 0 0  5 8 8 . 8 1 4 . 1 9 0 . 7 1 6 2 . 0 0 5 6 . 5 4 5 . 4 6 8 . 8 1 2 0 6 . 0 0 2 4 3 . 1 8 - 3 7 . 1 8 - 1 8 . 0 5
401 5 1 6 . 0 0  5 1 6 . 1 8 - 0 . 1 8 - 0 . 0 3 4 2 . 0 0 4 0 . 3 0 1 . 7 0 4 . 0 4 2 8 4 . 0 0 2 9 9 . 2 6 - 1 5 . 2 6 - 5 . 3 7
302 4 3 7 . 2 2  4 4 3 . 6 1 - 6 . 3 9 - 1 . 4 6 5 2 . 7 0 5 4 . 8 9 - 2 . 1 9 - 4 . 1 6
303 4 9 6 . 6 0  4 9 9 . 4 9 - 2 . 8 9 - 0 . 5 8 3 6 . 6 0 3 8 . 7 4 - 2 . 1 4 - 5 . 8 3 3 0 1 . 0 0 2 9 6 . 0 1 4 . 9 9 1 . 6 6
304 5 5 0 . 0 0  5 5 8 . 6 3 — 8 . 6 3 - 1 . 5 7 3 1 . 0 0 3 0 . 3 1 0 . 6 9 2 . 2 1
305 4 3 2 . 7 9  4 3 0 . 9 8 1 . 8 1 0 . 4 2 4 0 . 3 4 4 3 . 5 7 - 3 . 2 3 - 8 . 0 2 2 5 4 . 0 0 2 3 9 . 1 4 1 4 . 8 6 5 . 8 5
306 5 3 5 . 6 0  5 3 1 . 7 6 3 . 8 4 0 . 7 2 2 9 . 9 2 2 9 . 5 5 0 . 3 7 1 . 2 4 3 8 9 . 0 0 4 0 3 . 8 5 - 1 4 . 8 5 - 3 . 8 2
Sulphur  compounds
312 5 0 3 . 0 0  4 9 7 . 3 4 5 . 6 6 1 . 1 2 5 4 . 6 0 5 3 . 8 1 0 . 7 9 1 . 4 5 2 0 1 . 0 0 2 0 5 . 3 4 - 4 . 3 4 - 2 . 1 6
313 5 3 3 . 0 0  5 3 0 . 2 7 2 . 7 3 0 . 5 1 4 2 . 0 0 4 4 . 5 9 - 2 . 5 9 - 6 . 1 7
314 5 5 7 . 0 0  5 5 6 . 1 5 0 . 8 5 0 . 1 5 3 9 . 1 0 3 7 . 5 1 1 . 5 9 4 . 0 7 3 1 8 . 0 0 3 1 3 . 6 6 4 . 3 4 1 . 3 7
315 6 6 4 . 0 0  6 7 2 . 3 7 - 8 . 3 7 - 1 . 2 6
316 6 4 2 . 0 0  6 3 8 . 0 7 3 . 9 3 0 . 6 1
318 4 7 0 . 0 0  4 7 2 . 1 6 - 2 . 1 6 - 0 . 4 6 7 1 . 4 0 7 3 . 3 0 - 1 . 9 0 - 2 . 6 7 1 4 5 . 0 0 1 4 9 . 3 1 - 4 . 3 1 - 2 . 9 7
319 4 9 9 . 0 0  5 0 4 . 1 5 - 5 . 1 5 - 1 . 0 3 5 4 . 2 0 5 3 . 1 3 1 . 0 7 1 . 9 7 2 0 7 . 0 0 2 0 2 . 7 0 4 . 3 0 2 . 0 8
320 6 0 4 . 0 0  5 9 7 . 5 4 6 . 4 6 1 . 0 7
H e t e r o c y c l i c  n i t r o g e n  compounds
346 6 9 9 . 0 0  6 9 0 . 9 4 8 . 0 6 1 . 1 5 5 2 . 4 0 4 7 . 9 7 4 . 4 3 8 . 4 6 2 7 4 . 0 0 3 0 9 . 2 3 - 3 5 . 2 3 - 1 2 . 8 6
347 6 9 4 . 0 0  7 0 5 . 7 3 - 1 1 . 7 3 - 1 . 6 9 3 7 . 0 0 4 2 . 3 4 - 5 . 3 4 - 1 4 . 4 2
348 7 0 9 . 0 0  7 0 9 . 7 9 - 0 . 7 9 - 0 . 1 1 4 1 . 0 0 4 2 . 3 3 - 1 . 3 3 - 3 . 2 5
349 7 0 0 . 0 0  7 0 6 . 2 1 - 6 . 2 1 - 0 . 8 9 4 0 . 5 0 4 2 . 3 9 - 1 . 8 9 - 4 . 6 7
350 7 0 1 . 0 0  6 9 6 . 4 2 4 . 5 8 0 . 6 5 5 1 . 3 0 4 1 . 8 5 9 . 4 5 1 8 . 4 2
351 6 8 7 . 0 0  6 8 7 . 2 1 - 0 . 2 1 - 0 . 0 3 3 5 . 8 0 3 6 . 0 8 - 0 . 2 8 - 0 . 7 9
352 6 9 8 . 0 0  6 9 5 . 6 5 2 . 3 5 0 . 3 4
353 6 6 8 . 0 0  6 8 0 . 2 9 - 1 2 . 2 9 - 1 . 8 4 3 0 . 8 0 3 2 . 4 5 - 1 . 6 5 —5 . 3 6
354 6 9 9 . 4 0  6 9 7 . 0 4 2 . 3 6 0 . 3 4 4 1 . 6 0 4 4 . 9 3 —3 . 3 3 - 8 . 0 1
355 7 2 3 . 0 0  7 2 4 . 7 5 - 1 . 7 5 - 0 . 2 4











4 6 9 . 0 0
4 8 2 . 2 0  
5 4 0 . 1 0
5 3 7 . 0 0
4 9 0 . 2 0
5 2 7 . 0 0  
5 6 1 . 7 0
5 7 2 . 2 0
5 8 7 . 0 0
4 5 7 . 0 1
4 9 2 . 7 0
5 3 4 . 3 1
5 4 6 . 0 4
4 9 4 . 6 0
5 2 8 . 0 6
5 6 5 . 9 9
5 6 9 . 1 1
5 8 1 . 6 2
1 1 . 9 9 2 . 5 6 7 1 . 0 0 6 2 . 4 5 8 . 5 5 1 2 . 0 4 1 4 0 . 0 0 1 3 4 . 9 3 5 . 0 7 3 . 6 2
- 1 0 . 5 0 - 2 . 1 8 4 8 . 6 0 5 5 . 9 0 - 7 . 3 0 - 1 5 . 0 2 1 8 6 . 0 0 1 8 0 . 0 4 5 . 9 6 3 . 2 1
5 . 7 9 1 . 0 7 5 1 . 2 0 4 9 . 5 8 1 . 6 2 3 . 1 7 2 2 4 . 0 0 2 2 5 . 2 6 - 1 . 2 6 - 0 . 5 6
- 9 . 0 4 - 1 . 6 8 3 7 . 1 0 4 1 . 0 1 - 3 . 9 1 - 1 0 . 5 5 2 6 7 . 0 0 2 7 9 . 0 4 - 1 2 . 0 4 - 4 . 5 1
- 4 . 4 0 - 0 . 9 0 5 4 . 3 0 5 5 . 2 7 - 0 . 9 7 - 1 . 7 9 2 1 8 . 0 0 2 2 5 . 5 6 - 7 . 5 6 - 3 . 4 7
- 1 . 0 6 - 0 . 2 0 4 6 . 6 0 4 5 . 0 0 1 . 6 0 3 . 4 4
- 4 . 2 9 - 0 . 7 6 4 5 . 0 0 4 6 . 5 4 - 1 . 5 4 - 3 . 4 2 2 6 8 . 0 0 2 7 0 . 6 2 - 2 . 6 2 - 0 . 9 8
3 . 0 9 0 . 5 4 4 7 . 1 0 4 5 . 9 0 1 . 2 0 2 . 5 5 2 6 3 . 0 0 2 5 8 . 9 8 4 . 0 2 1 . 5 3
5 . 3 8 0 . 9 2 5 1 . 4 0 4 8 . 8 0 2 . 6 0 5 . 0 5 2 3 8 . 0 0 2 3 3 . 7 7 4 . 2 3 1 . 78
H e t e r o c y c l i c  n i t r o g e n  compounds
366 6 3 9 . 8 0 6 2 6 . 3 2 1 3 . 4 8 2 . 1 1
367 5 6 8 . 6 0 5 6 1 . 4 9 7 . 1 1 1 . 2 5 5 5 . 4 0 5 1 . 6 1 3 . 7 9 6 . 8 4
369 5 9 4 . 0 0 5 8 8 . 0 2 5 . 9 8 1 . 0 1 4 5 . 9 0 4 6 . 1 1 - 0 . 2 1 - 0 . 4 5
368 6 3 4 . 3 0 6 3 4 . 2 7 0 . 0 3 0 . 0 1 4 9 . 4 0 4 9 . 9 7 - 0 . 5 7 - 1 . 1 5
370 6 2 0 . 0 0 6 2 0 . 2 4 - 0 . 2 4 - 0 . 0 4 5 5 . 6 0 5 5 . 6 0 - 0 . 0 0 - 0 . 0 0
371 6 2 1 . 0 0 6 2 3 . 6 5 - 2 . 6 5 - 0 . 4 3 4 5 . 4 0 4 5 . 1 4 0 . 2 6 0 . 5 7
372 6 4 5 . 0 0 6 4 3 . 2 7 1 . 7 3 0 . 2 7
373 6 4 6 . 0 0 6 4 4 . 8 7 1 . 1 3 0 . 1 7 4 6 . 0 0 4 5 . 2 7 0 . 7 3 1 . 5 9
H e t e r o c y c l i c  s u l p h u r compounds
374 6 3 2 . 0 0 6 4 4 . 1 9  - 1 2 . 1 9 - 1 . 9 3
375 5 7 9 . 4 0 5 6 8 . 7 7 1 0 . 6 3 1 . 8 4 5 6 . 2 0 5 6 . 2 0 - 0 . 0 0 - 0 . 0 0
H a l o g e n a t e d a l k e n e s
378 6 2 0 . 2 0 6 1 2 . 4 8 7 . 7 2 1 . 2 5
379 3 7 9 . 0 0 3 8 3 . 7 9 - 4 . 7 9 - 1 . 2 6 4 0 . 0 0 4 0 . 6 6 — 0 . 6 6 - 1 . 6 5
380 3 0 6 . 5 0 3 0 8 . 5 7 - 2 . 0 7 - 0 . 6 7 3 8 . 9 0 3 9 . 0 1 - 0 . 1 1 - 0 . 2 8
381 4 0 0 . 6 0 4 0 2 . 1 2 - 1 . 5 2 - 0 . 3 8 4 4 . 0 0 4 4 . 6 9 - 0 . 6 9 - 1 . 5 7
382 3 0 2 . 9 0 3 0 3 . 2 3 - 0 . 3 3 - 0 . 1 1 4 4 . 0 0 4 5 . 2 2 - 1 . 2 2 - 2 . 7 8
383 3 2 7 . 9 0 3 2 7 . 4 3 0 . 4 7 0 . 1 4 5 1 . 7 0 4 8 . 6 1 3 . 0 9 5 . 9 7
384 3 7 6 . 2 0 3 7 7 . 5 6 - 1 . 3 6 - 0 . 3 6 3 7 . 5 0 3 7 . 8 3 - 0 . 3 3 — 0 . 8 9
385 5 1 4 . 0 0 4 9 9 . 6 1 1 4 . 3 9 2 . 8 0
2 4 9 . 0 0  2 5 3 . 9 9  - 4 . 9 9  - 2 . 0 0
2 8 3 . 0 0  2 9 1 . 2 2  - 8 . 2 2  - 2 . 9 0
2 5 4 . 0 0  2 3 7 . 5 6  1 6 . 4 4  6 . 4 7
2 1 9 . 0 0  2 1 9 . 0 0  - 0 . 0 0  - 0 . 0 0
2 1 2 . 0 0  2 0 5 . 0 5  6 . 9 5  3 . 2 8
1 7 2 . 0 0  1 7 1 . 7 8  0 . 2 2  0 . 1 3
1 9 7 . 0 0  1 9 8 . 2 5  - 1 . 2 5  - 0 . 6 3
1 5 4 . 0 0  1 5 2 . 1 5  1 . 8 5  1 . 2 0
1 4 4 . 0 0  1 4 5 . 1 0  - 1 . 1 0  - 0 . 7 6
2 1 1 . 0 0  2 1 1 . 0 1  - 0 . 0 1  - 0 . 0 1
N i t r o g e n  compounds
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308 5 4 5 . 4 0  5 4 2 . 1 6 3 . 2 4 0 . 5 9 4 7 . 7 0 5 1 . 1 9 - 3 . 4 9 - 7 . 3 1 1 7 3 . 0 0 1 7 8 . 8 6 — 5 . 8 6 - 3 . 3 9
309 5 6 4 . 4 0  5 5 8 . 6 3 5 . 7 7 1 . 0 2 4 1 . 3 0 4 4 . 2 1 - 2 . 9 1 - 7 . 0 4 2 2 9 . 0 0 2 3 3 . 5 1 - 4 . 5 1 - 1 . 9 7
310 5 8 2 . 2 0  5 8 1 . 1 7 1 . 0 3 0 . 1 8 3 7 . 4 0 3 8 . 4 7 - 1 . 0 7 - 2 . 8 5 -
311 6 2 2 . 0 0  6 2 9 . 4 4 - 7 . 4 4 - 1 . 2 0 3 2 . 1 0 3 0 . 3 5 1 . 7 5 5 . 4 6
386 4 5 6 . 8 0  4 6 6 . 4 8 - 9 . 6 8 - 2 . 1 2 5 3 . 2 0 5 8 . 7 0 - 5 . 5 0 - 1 0 . 3 3 1 3 9 . 0 0 1 2 4 . 6 6 1 4 . 3 4 1 0 . 3 2
393 4 0 0 . 0 0  3 9 6 . 2 5 3 . 7 5 0 . 9 4 5 9 . 0 0 5 3 . 1 0 5 . 9 0 9 . 9 9
397 5 3 6 . 0 0  5 3 5 . 0 9 0 . 9 1 0 . 1 7 4 5 . 0 0 4 7 . 3 4 - 2 . 3 4 - 5 . 1 9 2 1 0 . 0 0 2 1 3 . 9 7 - 3 . 9 7 - 1 . 8 9
389 5 8 8 . 0 0  5 8 8 . 0 0 - 0 . 0 0 - 0 . 0 0 6 2 . 3 0 6 2 . 3 0 - 0 . 0 0 - 0 . 0 0 1 7 3 . 0 0 1 7 2 . 9 9 0 . 0 1 0 . 0 0
TC PC VC
Number o f  p o i n t s  u s e d  : 353 284 221
Mean a b s o l u t e  d e v i a t i o n 4 . 4 2 1 . 6 8 7 . 3 4
Mean p e r c e n t  d e v i a t i o n 0 . 8 1 4 . 0 0 2 . 5 7
B i a s 0 . 0 1 - 0 . 0 5 - 0 . 1 6
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Appendix E.
Minitab regression analysis ÎQT. 
critical properties
'1TB > read ' g g '  c 5 3 , c l - c 4 5
357 ROWS READ4
ROW 053 01 02 03 04 05 06 07 08 09 010 O i l 012
1 2 2 0 0 0 0 0 0 0 0 0 0 0
2 3 2 1 0 0 0 0 0 0 0 0 0 0
3 4 2 2 0 0 0 0 0 0 0 0 0 0
4
1
5 3 0 1 0 0 0 0 0 0 0 0 0
ROW 013 014 015 016 017 018 019 020 021 022 023 024
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
ROW 025 026 027 028 029 030 031 032 033 034 035 036
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
ROW 037 038 039 040 041 042 043 044
;45
' 1 0 0 1 . 0 0 0 0 1 . 0000 3 0 . 0 7 0 1 8 4 . 5 5 3 0 5 . 4 2 4 8 . 1 6
148
2 0 0 1 . 6 3 3 0 1 .4142 4 4 . 1 0 0 2 3 1 . 0 5 3 6 9 . 8 2 4 1 . 9 4
!03
3 0 0 1 . 9 4 4 7 1 .9142 5 8 . 1 2 0 2 7 2 . 6 5 4 2 5 . 1 8 3 7 . 4 7
155
4 0 0 2 . 3 2 3 8 1 .7321 5 8 . 1 2 0 2 6 1 . 4 2 4 0 8 . 1 5 3 6 . 0 0
263
t
ITB > name c l  ' - 0 H 3 ' ,  c2 ' - 0 H 2 - ' , c 3  ' > 0 H - ' ,  c4 ' > 0 < ' , c5 '=0H2' , c6 ' =OH-' &
/ITB >*c7 ' =C<' ,  c8 '=C=' , c9 ' :0H' , clO ' : 0 - ' , o i l  ' - R 0 H 2 ' , c l 2  ' -ROH-' &










> c l 8  ' >C=0' ,  c l 9  'COOH', c20  'COOC', c21  'C-O-C' ,  c22 'P-OH' &
> c23 ' - F ' ,  c24 ' - C l ' ,  c25 ' - B r ' ,  c26 ' - I ' ,  c27 ' - S H ' ,  c28  ' - S - '  &
> c29 ' R - S - ' ,  c30 ' -N H2 ' ,  c31 '>NH',  c32  ' > N - ' ,  c33 ' R - 0 - ' ,  c34  'R=N-' &
> c35 'R=CH-' ,  c36 'R=C<',  c37 ' C: N' ,  c38  ' - N 0 2 '  &
> c39 'BAL',  c40  'RAN', c41 'Mw', c42  ' T b ' , c43  ' T c ' , c 4 4  ' P c ' , c 4 5  'Vc'
>
> l e t  c 46=c3 9* c3 9
> l e t  c47=c40 *c4 0
> l e t  c 4 8 = c 4 2 / ( c 4 3 - c 4 2 )
> l e t  c 4 9 = s q r t ( c 4 1 / c 4 4 )
> r e g r  c48 on 43 c l - c 4 2 , c 4 7  
r e g r e s s i o n  e q u a t i o n  i s
res c50
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:48 = 1 . 08  + 0 . 0 7 1 0  -CH3 + 0 . 0 9 0 6  -CH2- + 0 . 0 7 3 2  >CH- + 0 . 0 2 2 2  >C< + 0 . 03 8 9  
CH2 + 0 . 0 5 7 3  =CH- + 0 . 0 2 0 1  =C< -  0 . 06 3 1  =C= + 0 . 0 4 1 6  :CH -  0 . 0 6 6 3  :C- + 
.0325 -RCH2 + 0 . 0 8 6 0  -RCH- + 0 . 0 9 7 9  -RC< + 0 . 0 4 2 2  =ACH- + 0 . 0 2 1 9  =AC< +
,.376 -OH + 0 . 1 1 7  -CHO + 0 . 0 8 5 8  >C=0 + 0 . 2 5 3  COOH + 0 . 1 7 4  COOC + 0 . 1 0 2  C-O-C 
0.0960 P-OH + 0 . 0 9 7 3  -F + 0 . 0 0 5 5  - C l  -  0 . 0 4 4 1  -Br -  0 . 1 0 4  - I  -  0 . 0 3 7 4  -SH 
0.0224 - S -  -  0 . 0 9 4 1  R-S-  + 0 . 0 5 4 8  -NH2 + 0 . 0 6 9 4  >NH + 0 . 0 7 6 3  >N- + 0 . 05 14  
1-0- -  0 .0 2 2 1  R=N- 4-  0 . 0 0 7 9  R=CH- +  0 . 0 7 7 0  R=C< 4-  0 . 1 2 3  C:N 4-  0 . 0 0 6 1  -N02 4-  
1,0334 BAL -  0 . 1 2 9  RAN +0 . 000 136  Mw + 0 . 0 0 1 8 7  Tb + 0 . 0 1 2 1  RAND"2
153 c a s e s used  4 c a s e s c o n t a i n  m i s s i n g v a l u e s
’red i c  t o r Coef Stdev t - r a t i o
Ions t a n t 1 . 07651 0 . 0 5 9 4 0 18 . 12
•CH3 0 . 0 7 1 0 0 0 . 0 1 4 4 9 4 . 9 0
■CH2- 0 . 0 9 0 6 4 0 . 0 1 1 3 2 8 . 0 1
'CH- 0 . 0 73 1 5 0 . 0 1 8 9 1 3 . 8 7
{< 0 . 02 2 18 0 . 0 2 8 1 6 0 . 7 9
:CH2 0. 03 8 91 0 . 0 2 1 6 4 1 . 8 0
:CH- 0 . 05 7 25 0 . 0 1 69 1 3 . 3 9
:C< 0 . 0 20 0 6 0 . 0 2 3 1 1 0 . 8 7
:C= - 0 . 0 6 3 1 4 0 . 0 4 2 7 4 - 1 . 4 8
:CH 0 . 0 41 6 3 0 . 0 3 4 9 8 1 .1 9
';C- - 0 . 0 6 6 3 2 0 . 0 3 3 1 0 - 2 . 0 0
•RCH2 0 . 0 32 4 6 0 . 0 1 1 6 6 2 . 7 8
•RCH- 0 . 0 8 5 9 9 0 . 0 2 4 3 5 3 . 5 3
•RC< 0 . 0 9 7 8 8 0 . 0 5 9 1 2 1 . 6 6
:ACH- 0 . 0 42 2 1 0 . 0 1 2 6 8 3 . 3 3
:AC< 0 . 0 2 1 8 8 0 . 0 1 5 6 4 1 .4 0
•OH 0 . 3 75 8 8 0 . 0 3 2 5 3 1 1 . 5 6
'•CHO 0 . 1 1 6 6 0 0 .0 4 3 1 6 2 . 7 0
)C=0 0 . 0 8 5 7 6 0 . 0 3 6 4 2 2 . 3 5
:ooH 0 . 2 5 3 3 6 0 .0 5 4 7 6 4 . 6 3
:ooc 0 . 1 74 4 2 0 .0 3 9 7 7 4 . 3 9
f-O-C 0 . 1 02 0 9 0 . 0 2 1 0 2 4 . 8 6
?-0H 0 . 0 95 9 7 0 . 0 3 5 6 0 2 . 7 0
•F 0 . 0 97 2 8 0 . 0 1 9 7 7 4 . 9 2
•Cl 0 . 0 05 5 0 0 . 0 27 7 1 0 . 2 0
•Br - 0 . 0 4 4 0 8 0 . 0 5 9 0 4 - 0 . 7 5
- 0 . 1 0 4 4 7 0 .0 9 8 3 9 - 1 . 0 6
•SH - 0 . 0 3 7 3 7 0 . 0 5 6 9 6 - 0 . 6 6
•S- - 0 . 0 2 2 3 8 0 . 0 4 9 2 4 - 0 . 4 5
Vs- - 0 . 0 9 4 1 4 0 . 0 6 6 7 6 - 1 . 4 1
•NH2 0 . 0 5 4 8 5 0 . 0 2 56 7 2 . 1 4
)NH 0 . 0 6 9 3 5 0 .0 3 55 1 1 . 95
5N- 0 .0 7 63 1 0 . 0 33 2 1 2 . 3 0
3*0- 0 . 0 5 1 4 3 0 . 0 2 87 8 1 . 7 9
|:N- - 0 . 0 2 2 0 6 0 . 0 4 27 6 - 0 . 5 2
3=CH- 0 . 0 0 79 5 0 . 0 1 45 6 0 . 5 5
|:C< 0 . 0 7 7 0 0 0 . 04 1 95 1 . 8 4
:;N 0.-12313 0 . 0 3 6 7 2 3 . 3 5
•N02 0 . 0 0 61 2 0 . 0 87 2 5 0 . 0 7
3AL 0 . 0 3 33 7 0 . 0 10 7 5 3 . 1 0
3AN - 0 . 1 2 8 5 3 0 . 0 2 7 3 3 - 4 . 7 0
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0 . 0 0 0 1 3 6 4  
0 . 0 0 1 8 7 4 9
0 . 0 0 0 7 9 5 8  
0 . 0 0 0 2 57 2
RAND "2 0 .0 1 2 0 6 1 0.
8 = 0 . 0734 2 R-sq = 95.3%
Jnalyeis o f V ar i an c e
SOURCE DF SS
Regression 43 3 3 . 9 0 5 8 5
Error 309 1 . 6 6 55 4
lotal 352 3 5 . 5 7 1 3 9
SOURCE DF SEQ SS
•CHS 1 5 . 1 0 8 5 0
•CH2- 1 1 4 . 23 10 2
>CH- 1 0 . 1 4 03 7
)C< 1 0 . 0 7 5 6 8
tCH2 1 0 . 4 9 9 0 8
C^H- 1 0 . 0 0 0 6 0
:C< 1 0 .0 2 1 7 7
:C= 1 0 . 0 5 6 8 0
:CH 1 0 . 3 0 9 0 0
:C- 1 0 . 1 6 6 2 7
R^CH2 1 0 . 0 7 3 3 2
■RCH- 1 0 . 1 0 9 0 6
■RC< 1 0 . 0 3 6 3 0
:ACH- 1 0 . 9 1 6 5 7
:AC< 1 1 . 6 4 2 3 7
l-OH 1 6 . 8 1 7 0 9
i-CHO 1 0 . 0 0 5 8 2
>0=0 1 0 . 0 7 8 3 9
COOH 1 0 . 8 8 0 6 4
COOC 1 0 . 6 8 8 7 8
C-O-C 1 0 . 1 1 1 3 0
R-OH 1 0 . 2 7 1 6 2
•F 1 0 . 0 0 0 0 8
"01 1 0 . 0 0 4 3 9
•Br 1 0 . 0 3 2 6 1
1 0 . 0 4 6 4 8
1 0 . 0 3 4 0 1
•S“ 1 0 . 0 1 6 2 9
R-S- 1 0 . 0 0 4 5 2
'•NH2 1 0 . 0 1 6 5 9
)NH 1 0 . 0 3 8 4 6
■N- 1 0 . 1 6 9 9 3
l"0- 1 0 . 0 1 7 7 8
1=N- 1 0 . 1 9 1 8 2
i:CH- 1 0 . 0 4 3 6 3
|:C< 1 0 . 0 5 0 0 6
::N 1 0 . 5 5 0 1 7
•N02 1 0 . 0 7 3 5 8
lAL 1 0 . 0 0 2 0 0




R - s q ( a d j )  = 94.7%
MS
0 . 7 8 8 5 1
0 . 0 0 5 3 9
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0 . 0 1 9 3 4  
0 . 1 6 8 2 1  
0 . 1 8 0 5 5




0 . 0 +
- 3 . 0 +
* *
* *
*  2 *  *2  *  * *  *  * * *  *  > 
** * * * * *** 33*2 **2** *
2 * *24*526345746345*  5* 32 *
* *25273554446567  5422333432 *
* 2 3333264252433 3*32*2** 2
* ** * *4* 3 23*2**3* 2
2 * *  2*2  *  2 *  *  *
*  *  *  *2  *







1 . 6 3 . 2 4 . 8
— +. 
6 . 4




> r e g r  c49 on 41 c l - c 4 1  , r e s  c50
NOTE * -CH3 i s  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  p r e d i c t o r  v a r i a b l e s
NOTE * -CH2- i s  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  p r e d i c t o r  v a r i a b l e s
NOTE * -F i s  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  p r e d i c t o r  v a r i a b l e s
NOTE * - Cl  i s  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  p r e d i c t o r  v a r i a b l e s
NOTE * Mw i s  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  p r e d i c t o r  v a r i a b l e s
tie r e g r e s s i o n  e q u a t i o n  i s
19 = 0 . 2 3 8  + 0 . 0 4 9 2  -CH3 + 0 . 0 4 0 8  -CH2- -  0 . 0 1 6 2  >CH- -  0 . 0 7 1 9  >C< + 0 . 0 2 9 0  
;H2 + 0 . 0 0 2 1  =CH- -  0 . 0 5 5 0  =C< -  0 . 0 4 5 0  =C= -  0 . 0 2 4 1  : OH -  0 . 0 3 6 1  :C- +
.0061 -RCH2 + 0 . 0 1 2 8  -RCH- -  0 . 0 0 1 1  -RC< + 0 . 0 1 2 3  =ACH- -  0 . 0 3 5 7  =AC< -  
.121 -OH -  0 . 0 5 2 9  -CHO -  0 . 1 4 4  >C=0 -  0 . 2 2 8  COOH -  0 . 1 5 4  COOC -  0 . 0 5 6 1  
rO-C -  0 . 2 3 1  P-OH - 0 . 0 0 8 0  -F -  0 . 1 6 8  - C l  -  0 . 6 5 6  -Br -  0 . 9 7 6  - I  -  0 . 1 1 5
)H - 0 . 1 7 4  - S -  -  0 . 2 2 6  R-S  0 . 0 7 5 5  -NH2 -  0 . 0 8 5 1  >NH -  0 . 0 9 7 7  >N- -
,0664 R-0-  -  0 . 1 2 1  R=N- -  0 . 0 1 3 3  R=CH- -  0 . 0 0 8 9  R=C< -  0 . 0 3 5 6  C:N -  0 . 2 0 6  
102 + 0 . 0 3 5 6  BAL -  0 . 0 7 2 2  RAN + 0 . 0 1 5 5  Mw




0 . 237 66
St dev
0 . 0 2 4 6 4
t - r a t i o
9 . 6 4
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m 0 . 04 9 2 5 0 . 0 21 8 2 2 . 2 6
m - 0 . 0 4 0 8 0 0 . 0 20 35 2 . 0 0
CH- - 0 . 0 1 6 1 6 0 . 0 2 3 8 4 - 0 . 6 8
;< - 0 . 0 7 1 8 7 0 . 02 918 - 2 . 4 6
(H2 0 . 0 2 8 9 8 0 . 02 3 30 1 . 24
(H- 0 . 0 0 2 1 3 0 . 02 125 0 . 1 0
« - 0 . 0 5 5 0 0 0 . 02446 - 2 . 2 5
i- - 0 . 0 4 5 0 5 0 . 0 323 5 - 1 . 3 9
:h - 0 . 0 2 4 1 2 0 . 0 286 2 -0  . 84
( - - 0 . 0 3 6 0 6 0 .0 270 1 - 1 . 3 4
ÎCH2 0 . 0 0 6 1 4 0 . 0 20 2 6 0 . 3 0
ÎCH- 0 . 0 1 2 8 4 0 . 0 36 2 6 0 . 3 5
!C< - 0 . 0 0 1 0 7 0 .0 4 3 4 9 - 0 . 0 2
iCH- 0 . 0 1 2 3 0 0 . 0 1 9 2 4 0 . 6 4
iC< - 0 . 0 3 5 6 7 0 .0 1 9 9 0 - 1 . 7 9
JH - 0 . 1 2 0 5 5 0 . 04 4 3 6 - 2 . 7 2
!H0 - 0 . 0 5 2 9 2 0 . 04 5 8 0 - 1 . 1 6
(= 0 - 0 . 1 4 4 4 9 0 . 04 5 48 - 3 . 1 8
)0H - 0 . 2 2 7 5 1 0 . 06 9 8 5 - 3 . 2 6
k - 0 . 1 5 3 8 3 0 . 0 662 1 - 2 . 3 2
| o - c - 0 . 0 5 6 1 1 0 . 02 6 5 1 - 2 . 1 2
m - 0 . 2 3 1 0 4 0 . 04 7 6 9 - 4 . 8 4
1 - 0 . 0 0 7 9 6 0 . 02 7 59 - 0 . 2 9
Î1 - 0 . 1 6 7 5 4 0 . 0 5 1 6 9 - 3 . 2 4
ir - 0 . 6 5 6 1 0 . 1 1 8 8 - 5 . 5 2
! - 0 . 9 7 6 4 0 . 1 9 3 3 - 5 . 0 5
- 0 . 1 1 4 9 9 0 . 07 6 15 - 1 . 5 1
■i- - 0 . 1 7 4 3 9 0 . 05 5 7 9 - 3 . 1 3
IS - - 0 . 2 2 6 4 9 0 . 06 7 8 7 - 3 . 3 4
m - 0 . 0 7 5 5 2 0 . 02 6 4 9 - 2 . 8 5
i - 0 . 0 8 5 0 5 0 . 03 1 2 2 - 2 . 7 2
1- - 0 . 0 9 7 7 4 0 . 0 3 1 9 0 - 3 . 0 6
jo - - 0 . 0 6 6 3 7 0 . 02 9 3 2 - 2 . 2 6
h - - 0 . 1 2 0 5 4 0 . 0 3 5 1 0 - 3 . 4 3
KH- - 0 . 0 1 3 2 8 0 . 01 9 9 6 - 0 . 6 7
- 0 . 0 0 8 8 8 0 . 0 3 2 9 0 - 0 . 2 7
- 0 . 0 3 5 6 3 0 . 0 4 1 4 4 - 0 . 8 6
- 0 . 2 0 5 8 4 0 . 08 2 2 0 - 2 . 5 0
T 0 . 0 3 5 59 2 0 . 0 0 73 5 8 4 . 8 4(n - 0 . 0 7 2 2 5 0 . 01 9 7 5 - 3 . 6 6
j
j: 0 . 04773
0 . 0 15 5 35 0 . 0 0 16 0 3 9 . 6 9
R-sq =  99.1% R-■sq(adj)  =  9Î
salysis o f  
iRCE
Va ri an ce
DF SS MS
i^ression 41 6 4 . 2 5 1 6 1 . 567 1
*or
ial
242 0 . 5 5 1 2 0 . 0 0 2 3
283 6 4 . 8 0 2 9
#CE DF SEQ SS
1 9 . 5 9 8 8
1 2 - 1 12 .8 68 7
i- 1 0 . 6 7 52














0 . 5 0 4 5  
0 . 0 0 3 1  
0 . 8 3 8 8  
0 . 0 1 2 8  
0 . 8 1 9 4  
0 . 0 5 2 1  
0 . 4 0 7 0  
0 . 0 8 7 7  
0 . 3 9 1 9  
7 . 7 0 6 5  
1 0 . 7 8 1 2  
0 . 0 0 0 6  
0 . 1 4 3 6  
0 . 0 8 8 9  
0 . 0 0 1 6  
0 . 8 64 7  
0 . 0 9 51  
0 . 0 0 7 9  
0 . 0 7 1 4  
0 . 8 8 2 2  
1 . 2 2 6 4  
0 . 7 8 8 1  
0 . 0 3 9 8  
0 . 0 5 8 2  
0 . 0 0 0 9  
0 . 1 2 7 8  
0 . 0 0 3 8  
0 . 0 8 5 0  
0 . 1 0 3 3  
1 . 1 5 9 8  
0 . 7 2 3 6  
0 . 1 0 2 6  
0 . 6 0 4 3  
0 . 1 6 7 5  
0 . 0 4 8 7  
0 . 0 0 0 7  
0 . 2 1 4 0
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** * * 2 
*  * * *  * *  *  
* * *  22  2 *222  *  *
-  * 222 *337864635*2*  3*
0 .0+ *** 3 *5596662+6532342 * ** 2 2
2 *563* 3*4*33424***  **
2 *23*3322*  ** ** *
* * * * *
*  * *
- 3 . 0 +  * ** *
—
*





1 . 2 2.4 3 . 6 4 . 8 6 . 0  1\ 2
N* = 73
1 > regr c45 on 41 c l - c 4 1 , r e s  c50
KITE * -CH3 i s h i g h l y c o r r e l a t e d w i t h o t h e r p r e d i c t o r v a r i a b l e s
lOTE * -CH2- i s h i g h l y c o r r e l a t e d w i t h o t h e r p r e d i c t o r v a r i a b l e s
KITE * -RCH2 i s h i g h l y c o r r e l a t e d w i t h o t h e r p r e d i c t o r v a r i a b l e s
DTE * =ACH- i s h i g h l y c o r r e l a t e d w i t h o t h e r p r e d i c t o r v a r i a b l e s
DTE * -F i s h i g h l y c o r r e l a t e d wi t h o t h e r p r e d i c t o r v a r i a b l e s
DTE * - C l i s h i g h l y c o r r e l a t e d wi t h o t h e r p r e d i c t o r v a r i a b l e s
DTE * Mw i s h i g h l y c o r r e l a t e d w i t h o t h e r p r e d i c t o r v a r i a b l e s
regress ion e q u a t i o n  i s
: 34.6 + 1 5 . 3  -CH3 + 1 5 . 6  -CH2- + 1 0 . 2  >CH- + 8 . 4  >C< + 1 0 . 2  =CH2 + 7 . 1 1
• -  0 .44 =C< -  0 . 8  =C= + 2 . 7 7  :CH + 2 . 2 3  :C- + 6 . 2 1  -RCH2 + 1 1 . 1  -RCH- +
-RC< + 1 . 2 7  =ACH- + 0 . 1 8  =AC< -  1 2 . 6  -OH -  1 . 7  -CHO -  1 7 . 2  >C=0 -  3 7 . 8  
- 35 .0  COOC -  2 9 . 5  C-O-C -  5 0 . 7  P-OH -  3 5 . 1  -F -  4 6 . 4  - C l  -  144 -Br  -  
-I - 1 9 . 6  -SH -  3 4 . 9  - S -  -  113 R-S-  + 4 . 7 4  -NH2 -  4 . 7  >NH -  6 . 1  >N - -  
R-0- -  6 3 . 7  R=N- + 9 . 1 7  R=CH- + 8 0 . 7  R=C< + 14.'9 C:N -  4 7 . 9  -N02 + 0 . 5 6
+ 4.61 RAN + 2 . 6 2  Mw
cases used  136 c a s e s  c o n t a i n  m i s s i n g  v a l u e s
lictor 
itant
Coef S tde v t - r a t i o
3 4 . 5 8 1 7 . 8 5 5 4 . 4 0
1 5 . 2 7 9 8 . 4 3 6 1 . 81
1 5 . 6 5 0 7 . 7 2 8 2 . 0 2
1 0 . 1 5 6 8 . 5 2 4 1 . 1 9
8 . 3 7 1 0 . 3 4 0 . 8 1
1 0 . 2 3 8 8 . 6 5 7 1 . 1 8
7 . 1 1 2 7 . 8 4 5 0 . 9 1
- 0 . 4 4 0 8 . 5 9 8 - 0 . 0 5
- 0 . 8 2 1 0 . 2 6 - 0 . 0 8
2 . 7 7 0 9 . 6 6 8 0 . 2 9
2 . 2 3 3 8 . 8 1 1 0 . 2 5
6 . 2 0 9 7 . 6 8 3 0 . 8 1
1 1 . 11 1 1 . 31 0 . 9 8
2 . 0 6 1 3 . 3 6 0 . 1 5
1 . 2 7 2 7 . 2 5 8 0 . 1 8
0 . 1 7 5 7 . 3 0 0 0 . 0 2
- 1 2 . 5 5 1 6 . 9 4 - 0 . 7 4
- 1 . 6 9 1 6 . 46 - 0 . 1 0
- 1 7 . 1 6 1 6 . 99 - 1 . 0 1
- 3 7 . 8 5 2 5 . 8 8 - 1 . 4 6
- 3 5 . 0 2 2 4 . 8 7 - 1 . 4 1
- 2 9 . 4 8 1 0 . 07 - 2 . 9 3
- 5 0 . 6 8 2 0 . 4 8 - 2 . 4 7
- 3 5 . 1 4 1 0 . 6 4 - 3 . 3 0
- 4 6 . 3 8 1 9 . 8 6 - 2 . 3 4
- 1 4 4 . 0 8 4 5 . 1 9 - 3 . 1 9
- 2 4 2 . 9 4 7 2 . 2 6 - 3 . 3 6
- 1 9 . 6 1 2 7 . 6 6 - 0 . 7 1
- 3 4 . 8 6 2 0 . 5 2 - 1 . 7 0
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•S- - 1 1 2 . 6 1
SH2 4 . 7 37
m - 4 . 7 1
I- - 6 . 1 0
T-0- - 3 6 . 4 3
fN- - 6 3 . 6 6
fCH- 9 . 1 7 1
’tC< 8 0 . 6 7
':N 1 4. 86
m - 4 7 . 8 7
lAL 0 . 5 5 6
,^ N 4 . 6 1 0
k 2 . 6 1 7 6 1
= 13.44 R-sq = 98.5%






































2 1 . 0 7 - 5 . 3 4
9 . 7 0 5 0 . 4 9
12 . 71 - 0 . 3 7
13 . 27 - 0 . 4 6
10 .44 - 3 . 4 9
11 .82 - 5 . 3 8
7 . 3 9 4 1 . 2 4
11.61 6 . 9 5
16 . 49 0 . 9 0
2 8 . 7 8 - 1 . 6 6
2 . 4 9 3 0 . 2 2
6 . 2 5 4 0 . 7 4
0 . 5 9 4 4 4 . 4 0














ÎB > p l o t  c50  V8 c40














*  *2  2 * * *
* **2 ** 3* 2*3233**  2 2 *
0 . 0+  ** 2 2 2 3 5 5 7 84 9 58 8 75 6 42 4 *2 2 42 *
**23 2 26* 23 3**2 * *




0 . 0  1 . 5  3 . 0
N* = 139
4 . 5 6 . 0
 +— —— —RAN
7 . 5
B > s t o p
» Mini tab  R e l e a s e  5 . 1 . 3  *** M i n i t a b ,  I n c .  ***  
l l t i c s ,  S t o r a g e  a v a i l a b l e  259000
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Appendix Q.
BMDE and E04FDF algorithme
The BMDP c o n s i s t s  o f  two n o n - l i n e a r  r e g r e s s i o n  p r o ­
grams,  P3R and PAR.
P3R r e q u i r e s  t h e  u s e r  s u p p l y  t h e  1 s t  and 2nd d e r i v a t i v e s ,  
w h i l e  PAR i s  d e r i v a t i v e - f r e e .
Both programs mi ni mi z e  t h e  r e s i d u a l  sum o f  s q u a r e s  g i v e n  
by :
where t h e  summation i s  o v e r  N p o i n t s .
For each  c a s e ,
X : i s  t h e  v e c t o r  o f  t h e  v a l u e  o f  t h e  i n d e p e n d e n t  v a r i ­
a b l e s
y : i s  t h e  v e c t o r  o f  t h e  d ep en den t  v a r i a b l e  
w : i s  t h e  c a s e  w e i g h t
f ( x , p )  : i s  t h e  v a l u e  o f  t h e  f u n c t i o n  e v a l u a t e d  u s i n g  t h e  
v a l u e s  o f  t h e  p ar a m e te r s  P = ( p i , p 2 , . . . , p m) .
The v e c t o r  P t h a t  m i n i m i z e s  RSS i s  o b t a i n e d  by i t e r a t i o n .  
At each  i t e r a t i o n ,  t h e  f u n c t i o n  i s  approx i mat ed  by a 1 s t  
o r d e r  T a y l o r  s e r i e s  e x p a n s i o n s  i . e .
where s u b s c r i p t  o s p e c i f i e s  t h e  c u r r e n t  v a l u e  o f  t h e  p a­
r a m e te r s  and
p i  , i = l , 2 , . . . .  m a r e  t h e  p a r t i a l  d e r i v a t i v e s .  Then,  f o r  
any P( o )  t h e  above  can be w r i t t e n  as  a l i n e a r  e q u a t i o n  i n  
t h e  z i  and t h e  c o e f f i c i e n t s  o f  z i  can be found a s  i n  
l i n e a r  r e g r e s s i o n .  The new e s t i m a t e  o f  P i  i s  P i ( o )  p l u s  
t h e  e s t i m a t e d  c o e f f i c i e n t  o f  z i .
The program u s e s  t h e  G au ss -Jo rda n a l g o r i t h m  t o  i n v e r t  t h e  
m a t r i c e s .
D e t a i l e d  i n f o r m a t i o n  may be o b t a i n e d  from t h e  r e f e r ­
e n c e  manual .  (BMPD S t a t i s t i c a l  S o f t w a r e ,  W. J .  Dixon ed .  
U n i v e r s i t y  o f  C a l i f o r n i a  P r e s s ,  1 9 8 3 ) .
The NAG s u b r o u t i n e  E04FDF u s e s  a m o d i f i c a t i o n  o f  t h e  
Gauss-Newton method f o r  t h e  s o l u t i o n  o f  n o n - l i n e a r  
l e a s t - s q u a r e  p ro b le ms .  D e t a i l e d  d i s c u s s i o n  i s  found i n  
G i l l  P.  E. and Murray W. SIAM J o u r n a l  on Numeri ca l  An a ly ­
s i s .  Vol  15,  PP 9 7 7 - 9 2 ,  1978.
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